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Remarkable Advance 
in Electron Microscopy 


METROPOLITAN-VICKERS DEVELOP LOW PRICE INSTRUMENT FOR 


GENERAL INDUSTRIAL 


HE successful development by Metro- 
politan-Vickers of a low price Electron 
Microscope brings within the reach of general 
industry a remarkable scientific tool for in- 
dustrial research and testing. Metrovick 


pioneered the development of the electron 
microscope in this country, their first instru- 
ment being completed 1935/36 and remaining 
the sole British electron microscope until 
1940. Metrovick post-war research has 
resulted in two successive designs, EM2 and 


RESEARCH AND TESTING 


EM3, each being a remarkable technic: 
advance upon its predecessor and now cor: 
the EM4 which has a performance in nv 
respects comparable with its predecessor the 
EM3 but at approximately half the price. 

In general terms, the electron microscope is 
capable of a performance one hundred times 
betterthan that of the best optical microscope. 
In practical service in the laboratory it may 
be assumed that the EM4 enables detail twenty 
times finer than is observable by normal 
optical methods to be viewed and recorded. 
In the Metrovick microscope the final image 
is formed on a fluorescent screen viewed 
through a single port of wide aperture. The 
microscope design includes a camera fitting 
and no adjustment need be made to the 
normal viewing image. 

Sharp definition on the fluorescent screen 
automatically means that sharp focus will be 
obtained on the photograph without further 


these photomicrographs of diatoms 
y of definition obtainable with the 
elec.. ticroscope is shown by the right-hand 


photograph. The picture on the left shows 
definition obtainable with optical instrument 
under the same conditions. 


the EM4 far superior to that obtainable by 
normal optical methods, but the clarity of the 
definition is superior for the same magnifica- 
tion, aS is seen in the two comparative 
examples of photomicrographs of diatoms 
(Fig. 2). It is possible, also, withthe Metrovick 
instrument to produce stereomicrographs, the 
overall performance of the instrument having 
a resolution better than 100 A.U. In all its 
constructional features as well as in its 
electronic design, the Metrovick EM4 is an 
outstanding instrument. Full technical details 
on application. 








Fig. 1. Close-up view of the control desk and 
camera of the Metrovick electron microscope 


adjustment. Not only is the magnification of 
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THE PROGRESS OF SCIENCE 


SCIENCE MASTERS—A LACK AND A 

DEARTH 
Events are now rapidly moving towards a climax, and 
there seems to be a good prospect that action aimed at 
correcting the shortage of science teachers will soon be 
taken. We certainly hope so, for this shortage has lasted 
all too long, and we should be glad to be able to drop our 
campaign in this connexion in the sure knowledge that it 
has been successful. 

Our first tentative shot in this campaign was fired way 
back in 1946. Now in December 1953 comes a document 
bearing the imprimatur of the Ministry of Education, 
which is entitled Graduate Teachers of Mathematics and 
Science: A Report of the National Advisory Council on the 
Training and Supply of Teachers. Most of the fact in this 
document will not be new to Discovery readers. It says 
in effect that this shortage is a grave one and must be 
treated as a national problem. As the chairman, Sir Philip 
Morris, remarks: “‘It cannot be made good by the Minister 
of Education and the local authorities alone and the 
Council believe strongly that it should be considered as a 
national problem.” 

All who are deeply interested in the problem will be read- 
ing the full report, which can be obtained from H.M. 
Stationery Office, price sixpence, and it would be pointless 
for us to give a detailed summary of it here. We will con- 
fine ourselves to referring to a few salient points. 

Quite categorically the report states that: The supply of 
mathematics and science graduate teachers is inadequate in 
both quantity and quality to meet current requirements. It 
then goes on to point out that things will get considerably 
worse before they can get better. The reason is that the 
‘bulge’ now affecting the primary schools will move up 
the educational scale and will increase the difficulties with 
regard to science teaching in the years 1955-60. 

In 1955-60 the intake of new science and mathematics 
teachers will need to be raised from 580 to 1020 a year. This 
means an acute extra problem, which must be treated as a 
temporary problem calling for special and immediate con- 
Sideration. 


The last part of the report discusses possible remedies. 
Here it must be noted that the Council’s terms of reference 
are restricted—perhaps too restricted for them to be able 
to deal with this problem as adequately as it demands. 
For example, the Council cannot dig deep into the question 
of salaries. This is a prime consideration, for science 
teachers are not well paid compared with scientists in 
industry, the Civil Service, the universities and the tech- 
nical colleges. When the Council say, ‘“‘We are satisfied 
that financial prospects are a main factor in the situation”, 
they are indulging in a considerable understatement, but 
this is not the fault of the Council so long as they operate 
under such limited terms ofreference. We do, however, think 
that they might have added a rider to the effect that local 
education authorities ought to make greater use of the 
funds at their disposal for the payment of special respon- 
sibility allowances which can augment the basic salaries of 
science teachers. 

Public schools like Winchester have been able to keep 
up to strength their force of science masters by paying 
substantially more than the basic salaries. We understand 
that it is general practice for such schools to pay about 
£100 more than the Burnham scale. It is therefore up to 
all local education authorities to see that the maintained 
grammar schools are able to compete with the public 
schools in this respect. Moreover, the L.E.A.’s already 
have at their disposal enough money to pay more special 
allowances to science masters. 

It is suggested by the Council that science teachers should 
be encouraged to stay on beyond the age of 65, and 
apparently the Ministry is considering the possibility of 
amending the Superannuation Acts to make it financially 
worth while for teachers to do so. While the Council say 
that they welcome “this possibility of later retirement for 
teachers who are fit and willing to remain’, we doubt very 
much whether this contributes anything real and sub- 
stantial towards the solution of the problem. 

Similarly, the Council want to see more married women 
graduates employed as part-time teachers to ease the 
situation. In many cases such teachers are the only ones 
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available to fill vacancies in girls’ schools, and the Council 
favour the extension of this practice. They add, however, 
that they do not expect any large additional numbers from 
this source. 

Some people favour the idea of using more university 
research workers and industrial scientists as part-time 
teachers. The Council think this kind of arrangement ts 
less appropriate to schools than to colleges of further 
education where part-time teaching is easier to organise 
and where the corporate life of the institution plays a less 
important part. Other disadvantages are mentioned: for 
instance, a lack of ability to teach school children, over- 
specialised knowledge and lack of time to prepare school 
work. But instances may occur where, owing to local 
circumstances, such co-operation can profitably be 
arranged. Personally, we believe that school science 
teaching is a special vocation which is very different from 
research, and even the best university lecturer is likely to 
be completely out of his element as a part-time school- 
master. The two levels of tuition are so very different that 
it must be very hard to switch from one to the other. This 
Suggestion is only worth considering because the situation 
is sO serious. It can contribute something, but not very 
much. Moreover, it can be accepted only as a partial and 
stop-gap solution, for it is a thoroughly unsatisfactory way 
of attempting to deal with the problem. In any case this 
approach to the problem must be discarded as soon as the 
present crisis has passed. If there are men and women in the 
universities and in industry who think they have a real flair 
for school science teaching, then they should drop what 
they are doing and become school teachers. 

Then the Council consider how to set about attracting 
more new science graduates to take up teaching. They 
recognise that many young graduates are drawn away from 
school teaching by the ‘glamour of research’, and here the 
Council have undoubtedly done a public service by suggest- 
ing that ‘research’ has been over-glamorised. There is no 
doubt that there are many so-called ‘research’ jobs which 
are nothing of the sort, and which are in fact far less 
interesting than teaching science to intelligent sixth-formers 
in well-equipped school laboratories. The Council here 
recommend the preparation of a pamphlet which will 
convey to undergraduates the full prospects of careers in 
science teaching. (At this point the Ministry would be well 
advised to study what the Institution of Chemical Engineers 
has been doing to attract more students into their special 
line; the Ministry pamphlet needs to be at least as attrac- 
tive as the chemical engineers’ careers pamphlet.) 

By its very nature and terms of reference the Council are 
precluded from including representatives of industry. For 
that reason, the Council have been unable to discuss 
adequately whether it might be possible for industry to 
reduce temporarily its intake of new science graduates and 
so give the schools a fair chance to bring its staffs up to 
strength. (The same applies to the demands for science 
graduates which come from the universities and the Scientific 
Civil Service.) 

Industrialists will have to consider whether there is 
anything they can contribute towards the solution of this 
national problem. This matter will be discussed at a 
London conference called by the Federation of British 


Industries for January 15. We trust that this conference 
will accept the full seriousness of the situation, and 
recognise the urgent need to find a realistic solution for the 
problem which cannot be met by a stop-gap scheme of 
simple expedients. 

Finally we would repeat our suggestion that new science 
graduates prepared to take up school teaching should be 
excused national service. For science teaching is indeed a 
service to the nation. The Council mention this proposal, 
which was first published, we believe, in DiscoveRy—in 
Dr. Eric James's article of August 1952—and which has 
received widespread support. The Ministry of Labour 
could surely authorise this measure immediately. The 
shortage of science masters, which ultimately affects the 
annual output of science graduates, is a matter of inter- 
departmental concern, for the whole of the Scientific Civil 
Service, including the Defence Departments and _ the 
Ministry of Supply, requires scientists and it is obviously 
not possible for the universities to supply them unless 
school science teaching is running smoothly. 


THE CASE OF THE DISAPPEARING 
CHROMOSOMES 

An extraordinary phenomenon has been discovered by 
Prof. P. T. Thomas, the geneticist of the University 
College of Wales at Aberystwyth, which one might well 
call “the case of the disappearing chromosomes”. He 
described it to the recent international genetics conference 
held in Italy. In a breeding programme designed to 
produce new oat varieties with resistance to crown rust 
two species of oats—the ordinary oat (Avena sativa) and 
the red oat (A. hbyzantina)—have been crossed. The 
typical chromosome number in both cases is 42. The 
hybrids all look normal, but very surprisingly some queer 
dwarf plants turned up when some of the hybrids from this 
cross were self-pollinated. These dwarf plants proved to 
have only 40 chromosomes instead of the anticipated 42. 
Nothing quite like this has ever been noticed before in plant 
breeding, and it is not yet quite clear why two chromosomes 
should have been lost in this way. Prof. Thomas has 
decided that the two chromosomes do not disappear at 
meiosis. Examination of the cells in the root tips in the 
seedlings that eventually grew into dwarf plants showed 
that the two chromosomes had already vanished. The 
next step was to study the early embryonic development. 
This appeared to proceed on normal lines, but it was 
noticed that at the stage of reduced mitotic activity which 
occurs before dormancy, the exclusion of chromosomes 
from the nucleus could be observed. Evidently this 
disappearing trick is associated with a critical phase in 
the process of mitosis. Chromosome elimination has also 
been observed in the final stage of tapetal divisions (the 


tapetum nourishes the tissue in the anther that produces . 


the pollen grains), which is again a critical stage in the 
nuclear reproduction of these cells. Prof. Thomas is of the 
opinion that the loss of these chromosomes is governed 


by a determinant which acts as a recessive character. . 


Another odd point is that the pollen mother cells in the 
dwarfs seem to be a chimerical mixture; some cells have 
40 chromosomes, while others have 41 or 42. Prof. 
Thomas and his colleagues are still working on the problem. 
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RESEARCH IN THE COLONIES 


Probably the most encouraging feature of the document 
Colonial Research 1952-1953, which has just been published, 
is the extent to which the U.S.A. and other countries are 
helping in the solution of scientific problems of our 
colonial empire. For example, there is Prof. Stelly of 
Georgic University collaborating in a soil fertility project 
in Kenya, and Dr. Hursh of the U.S. Forest Service spent 
most of 1952 in E. Africa working on scientific aspects 
of forestry management. Another example of international 
co-operation was the Anglo-French experiment on the 
protection of cattle against trypanosomiasis. In this joint 
enterprise, a mob of cattle, previously injected with 
various drugs, travelled 800 miles from Tongan to Accra. 
In this way information was obtained regarding the efficacy 
of the different drugs and the incidence of infection. 
In Nigeria, a scientist from Nebraska University, Dr. O. J. 
Webster, has established a programme for breeding better 
varieties of sorghum. 

Under the programme of research sponsored by the 
Colonial Products Research Council (chairman, Lord 
Hankey) chemists are laying the foundations of colonial 
chemurgy, and are also busy investigating the medicinal 
properties of plants. 

New antibiotics are being prepared. A promising one is 
comirin,* which is produced by a bacterium that was 
isolated in Trinidad. This cures fungal diseases, like 
ringworm, which‘are due to species of Tinea, and it 1s 
effective against the particular disease called ‘tropical ear’, 
caused by fungi which infect the human ear. 

It is interesting to see that another antibiotic, our old 
friend penicillin, is playing a part in these researches. The 
skin fungi which give rise to diseases comparable to 
ringworm are not very easy to culture in vitro, as they are 
usually associated with certain bacteria which interfere 
with their growth; by adding a trace of penicillin to the 
culture jellies, these bacteria can be checked and then the 
fungi grow more luxuriantly. This and other micro- 
biological work is making encouraging progress at the 
Colonial Microbiological Research Institute in Trinidad; 
the culture collection there is building up, and it now 
includes about 550 strains—most of them of skin fungi. 

Tropical diseases are receiving a great deal of attention 
and this work is superintended by the Colonial Medical 
Research Committee under the chairmanship of Sir Harold 
Himsworth, secretary of the M.R.C. New antimalarials 
are being tried, and the report mentions results of tests 
carried out with chloroquine, amodiaquin and Daraprim. 
Parallel with this is the exploitation of DDT and BHC for 
killing the insects that carry malaria. One of the centres 
for this research is Malaya, and we cannot resist quoting 
the cool detachment of this sentence in the report referring 
to that region: ‘‘Banditry has prevented the extension of 
the work to include the forest canopy.” 

ACTH has been tried as a means of improving treatment 
of various tropical complaints. In Nigeria results suggest 
that the natives are relatively insensitive to this hormone, 
and this raises -some novel physiological questions. 
Various sulphone drugs are being used extensively against 


* Comirin is covered by patents held by Britain's National Research 
Development Corporation. 


DISCOVERY 





The Cavendish Chair of Experimental Physics at Cambridge, 
vacated by Sir LAWRENCE BRAGG (/eft) when he succeeded PRor. 
E. N. pa C. ANDRADE as director of the Royal Institution, has now 
been filled. The new head of the Cavendish Laboratory is PRror. 
N. F. Mort (right). Now aged 48, Prof. Mott has been Henry 
Overton Wills Professor of Physics and director of the Henry Herbert 
Wills physical laboratories at Bristol University since 1948. He was 
educated at Clifton College, and St. John’s College. Cambridge. In 
1933 went to Bristol as Melville Wills Professor of Theoretical 
Physics. A very versatile scientist, he was awarded in 1953 one of 
the Royal Society's royal medals. His researches have covered such 
Subjects as metals under strain, semi-conductors, latent image forma- 
tion in photography, and fragmentation of bomb cases. 


leprosy, and the drug called TBI is also. proving effective 
against this disease; it is particularly useful for patients 
who are allergic to the sulphones. BCG experiments show 
that this vaccine produces a measure of immunity to 
leprosy, which is in keeping with the idea that infection 
with the tubercle bacillus produces immunity to leprosy. 

Repellants and poisons to deal with the leeches, both 
aquatic and terrestrial, which make life so unpleasant in 
various countries have been tested in the field, and two 
men, J. R. Audy and J. L. Harrison, have produced a 
detailed report after making an investigation which was 
paid for by the U.S. Army. 

There is a special committee looking after research on 
the tsetse fly and trypanosomiasis. Chemotherapy is 
valuable here. The committee reports that antrycide 
continues to prove useful: thus with over 30,000 cattle, 
only 0:05 per cent died of trypanosomiasis. The drug 
protects dogs from this disease, but it is less satisfactory 
for horses. Other drugs, e.g. Ethidium Bromide and 
‘528°, are also being tried out. 

Fisheries problems are the concern of the Colonial 
Fisheries Advisory Committee, whose chairman is the 
Minister of State for Colonial Affairs—an indication that 
the Minister recognises the great importance of fish in 
colonial development. The report states that the research 
staff numbers 22 officers, with 11 vacancies still to be 
filled. No less important are the Fishery Officers, who now 
number over 50. One flourishing research station is that 
at Jinja on Lake Victoria, directed by Mr. R. S. A. Beau- 
champ. Using algal cultures as indicators, it is possible to 
detect mineral deficiencies in lake waters with speed. 
Sulphate deficiency is often found; the world shortage of 
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sulphates makes this difficult to correct, but it is hoped to 
tap supplies of calcium sulphate that are becoming 
available as a by-product of copper smelting. Tilapia is 
the most important food fish in Lake Victoria, and origin- 
ally it was thought that this could not digest blue-green 
algae; now it is discovered that where the water is rich in 
sodium the algal cell walls seem to be more permeable 
and are probably more digestible. Tilapia nilotica in Lake 
Rudolf is known to thrive on these algae and grows to 
more than 12 |b. apiece. 

Very interesting are the activities of the Commonwealth 
Institute of Biological Control. A disease which is being 
tackled by this method is the swollen shoot disease of 
cocoa. This is carried by mealy bugs, and the Institute is 
busy supplying hundreds of thousands of mealy bug 
parasites to keep this cocoa disease in check. 

Mauritius is troubled by a noxious weed called Cordia 
macrostachya, a member of the forget-me-not family. 
This plant has been practically wiped out by means of 
insects, and this experiment in biological warfare “‘may be 
ranked as one of the most successful in the history of the 
biological control of noxious plants’’. The same technique 
is now being tried in Fijiagainst such weed pests as Lantana, 
a troublesome shrub belonging to the verbena family. 

The wild vegetation of many parts of the colonial 
empire is being intensively studied by botanists, and flora 
are being prepared, as for example in West Tropical 
Africa, where it has been found that the three native 
species of mangroves found in swamps also grow on the 
Atlantic shores of tropical America. 

One minor mystery—the spawning ground of the 
Elephant-snouted fish (Mormyrus)—has been solved, one 
learns from this report, with the assistance of the echo- 
sounder! 

The W. African Fisheries Research Institute (directed 
by Mr. Angus Taylor) is getting up steam. Work is being 
done here on the control of ship-worms, which are marine 
wood-borers belonging to the Mollusca. The detonation 
of small explosive charges is sufficient to upset the 
common ship-worm TJeredo, but it is found that Martesia, 
which prefers to attack sound timber, is shock-proof. 
Use of the technique therefore leads to an increase in the 
Martesia population though the ravages of Teredo can be 
reduced by this method. 

The Singapore marine station is also getting under way. 
Its director is Dr. F. D. Ommaney, who used to be in the 
British Council’s science department in London. 

Hong Kong now has its marine research station, and 
this has been equipped under the direction of Prof. D. 
Barker, zoology professor at the university. Mr. J. A. Tubb 
has gone out to take over the directorship. 

Possibly the most extraordinary thing mentioned in the 
report is the fact that bats can transmit rabies! 

This document of 268 pages comprises ten separate 
reports. It is therefore extremely tedious to try to track 
down any specific point in the volume which has no index. 


CHEMICAL ENGINEERING AS A CAREER 

The Institution of Chemical Engineers deserves to be 
congratulated for establishing direct contact with the 
younger generation from which our future chemical 


engineers must be recruited. This was achieved by holding 
a meeting in London to which both science masters and 
their pupils were invited. The meeting gave a very clear 
picture of the type of work which chemical engineers do, 
a picture that was amplified very vividly by the showing of 
The Stanlow Story, the film which portrays the building 
of the Shell refinery in Cheshire. 

This meeting was attended by about 200 masters and 
boys. Nearly thirty schools were represented, particularly 
large contingents being sent by Whitgift, Haberdashers’ 
Aske’s at Hampstead and Haberdashers’ Askes Hatcham 
School, Charterhouse and Alleyn’s. 

Sanderson of Oundle, the man who laid great traditions 
for the teaching of science in British schools in general 
and in Oundle in particular, would have been proud to see 
his own school so well represented in spite of the long 
journey which its representatives had to make. 

Many members of the Institution were present so that 
question time could be made an informal affair, small 
groups of boys being able to ask without embarrassment 
many questions directly of chemical engineers who are 
actively engaged in industrial practice. The meeting was 
in every way a grand success, and it is a pleasure to report 
that similar meetings are likely to be held in Manchester 
and Edinburgh, and possibly in Wales too, in the near 
future. 

Among the speakers at the meeting was Prof. M. B. 
Donald, Ramsay Professor of Chemical Engineering at 


University College, London, who stressed Britain’s des- | 


perate need for chemical engineers. He said that five times 
as many of these technologists are needed by industry as 
Our universities produce at the present time. 

We have already mentioned the publication by the 
Institution of Chemical Engineers of a booklet entitled 
Careers in Chemical Engineering. We would remind our 
readers that copies of this booklet are available free to all 
schoolmasters, who should address their requests direct 
to the Institution’s secretary at 56 Victoria St., London, 
S.W.1. Other interested persons can obtain copies, price 
2s. post free. 


TECHNICAL AID 
The fears that the world is growing too small are ground- 
less. There is room and shelter and food for millions more 


if we put our know-how to work.” Those words, summing | 


up the aims and objects of Technical Aid, are the words 
of Mr. Truman, who, as U.S. President, considered his 


Point Four programme* the most important item in the | 


peace policy of his administration. Unfortunately, the post- 
war world has not found Technical Aid a very exciting 


issue, and today there is no one like Mr. Truman to inspire | 
others with faith in the possibilities of the Point Four 


programme, the Colombo Plan and other such schemes. 

The latest issue of /mpact (Winter 1953) should, how- 
ever, help to renew interest in Technical Aid, at least 
among scientists and technologists. The main article in 
this journal is written by Dr. Alexander King, head of the 
Intelligence Division of the DSIR, and it specifically deals 

* Point Four took its name from the fact that it was Fourth 
point in the recommendations to Congress which Mr. Truman made 
in his inaugural address in 1949. 
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THE POLIOMYELITIS VIRUS magnified 50,000, 
times. This historic photomicrograph was 
shown at the recent annual meeting of the 
Electron Microscope Society of America. 
It was obtained by Dr. A. R. Taylor, a 
virologist of PARKE Davis, the pharma- 
ceutical manufacturers, working in their 
Detroit laboratories. This picture, and 
others with magnifications up to 300,000 
times, show the virus as a round ball, so 
small that a million side by side would form 
a row only one inch long. This is the first 
time that scientists have been able to see 
what the polio virus looks like. 


with the possibilities and limitations of international 
scientific co-operation. 

Dr. King stresses the importance of technical assistance 
organised under the Marshall Plan with the aim of assist- 
ing the economic recovery of European countries. This 
brought about a valuable transfer of technical know-how 
from America to Europe, and through O.E.E.C. it was 
extended to stimulate technical co-operation between the 
countries of Western Europe. 

The aim of Technical Aid for the backward areas of the 
world was expressed by Mr. Truman in these words: “it 
is a proposition to take over the gap that is left by the 
failure of colonialism, only it is different from colonialism 
in that its objective is to help people to help themselves, 
with the theory that prosperity of all parts of the world 
means the prosperity of the whole world. What we want to 
do...is to help develop [natural] resources for the benefit 
of the people who own them. Unless we can do these 
things, we will never have world peace.” 

Technical Aid, possibly the finest example of the ““good 
neighbour policy’ which this world has yet seen, is only just 
beginning to get under way. Busy men who are in a hurry are 
inclined to be disappointed with its rate of progress, but if 
Technical Aid does develop slowly there are no real grounds 
for either surprise or disappointment, for a large proportion 
of the world’s technical experts are tied up with ephemeral 
matters like weapon development and cannot be spared for 
programmes of Technical Aid. (It is an ironic comment on 
contemporary civilisation that so many clever men should be 
working to perfect hydrogen bombs and other weapons, 
whereas Britain, to take but one example, found it im- 
Possible to spare enough technical experts to prevent the 
Groundnut Scheme from becoming an all-out failure !) 

The times are not by any means propitious for the success 
Of Technical Aid schemes, but nevertheless a useful 
beginning has been made, and many experts have already 
visited under-developed countries to give advice on agricul- 
ture, medicine, education and oiher important matters. 
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Technical Aid in this century is equivalent to the work 
which medical missionaries have done in the past. It may 
be regarded as a happy omen that this year’s Nobel Peace 
Prize has been awarded to Albert Schweitzer, a missionary 
who epitomises all that is best in Western civilisation. 
Technical Aid, like missionary work, can rarely be 
expected to bring spectacular results in a short time. If 
there is too much haste, one gets nothing but ill-con- 
sidered plans which will only set back the whole idea of 
Technical Aid for years. Unesco’s Hylean Amazon project 
and the British Groundnut Scheme are examples of the 
kind of thing which can bring this idea into contempt. 
One promising technical field for international collabora- 
tion is the problem of the arid zones. Unesco’s Arid Zone 
programme is directed by James Swarbrick, who describes 
the project in the winter issue of Jmpact. The technical 
problems involved in developing the deserts and near- 
deserts are many and varied. Geologists can help by 
bringing modern methods of finding underground water 
to bear. Chemists may be able to help by perfecting cheap 
methods of rendering sea water and salty underground 
water usable: so far no process has been discovered which 
permits the removal of salt from sea water at a price that 
allows the large-scale utilisation of the water. (To tackle 
this problem the U.S. President has set up an Office of 
Saline Water Research with a budget of 82 million for 
five years.) Artificial rain-making may have applications 
in the arid zones, and the technique is being developed in 
the United States, Australia and Africa. | 
Power supplies are scarce in the arid zones, where even a 
primitive fuel like wood is hard to come by. Attention is 
therefore being focused on the problem of harnessing the 
wind and the sun. The electric wind-generator has now been 
developed to the stage when it can make a real contribution, 
and here Unesco is taking full advantage of the knowledge 
of men like E. W. Golding who wrote the article **Harness- 
ing the Wind”’ in last month’s issue of Discovery. Solar 
energy is less easily tapped, but encouraging results are 
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already being obtained. In India a solar cooking stove has 
been perfected, and in France tremendous temperatures 
have been achieved by concentrating the rays of the sun 
with concave mirrors; in other countries attempts are being 
made to utilise the temperature difference between the 
upper part of the sea, warmed by the sun, and the colder, 
lower part. Many of these problems were being investi- 
gated long before Unesco started its Arid Zone programme, 
and Unesco has had the good sense to produce a directory 
listing the institutions (numbering nearly a hundred) which 
do research in subjects with a direct bearing on arid zone 
problems. The whole programme is guided by an Ad- 
visory Committee on Arid Zone Research which meets 
twice a year. 

To avoid dispersal of effort, one subject of major 
importance is chosen for special study each year. Subjects 


so far dealt with have been hydrology, particularly that of 


underground water, and plant ecology. This year’s subject 
is arid zone energy sources and their use. Next year it will 
be human and animal ecology, 

For a long time the slogan that has prevailed has 
been: “Providence helps them who help themselves.” 
Technical Aid on the other hand is motivated by a far more 
advanced slogan, which can be expressed in these words: 
“Providence helps those who help others.” This is the 
spirit of the modern age, and this is the spirit behind 
Technical Aid. 


THE SMOG REPORT 


The Beaver Committee, the interdepartmental committee 
which was appointed in July 1952 to inveStigate air pollu- 
tion and make recommendations for its prevention, has 
produced its interim report (Cmd. 9011, price Is. 6¢.). 
Contrary to what most newspapers have said, we consider 
this to be an excellent report, which does not deserve 
criticism because it offers no immediate prospect that fog 
and smog can be easily eliminated. 

The report soberly reviews the salient facts, and it cer- 


tainly does not err in under-estimating the seriousness of 


the menace of atmospheric pollution—the annual material 
cost per year is estimated at £100 million. The domestic 
fire is indicted as the biggest single sswoke producer—in 
ratio to the coal burnt it produces twice as much smoke as 
industry and discharges it from low chimneys so that the 
smoke is not adequately dispersed. 

So far as the emission of sulphur dioxide is concerned, 
60°. of this gas which defiles the atmosphere comes from 
industrial sources, 20°, from electric power stations and 
20°, from domestic chimneys. 

Carbon monoxide is produced in about equal propor- 
tions from domestic and other sources: about one-sixth of 
the total comes from the exhausts of motor vehicles, and 
under certain conditions this may cause relatively high 
local concentration near ground level. 

Prevention of atmospheric pollution requires the will and 
means of applying technical know-how and the availability 
of the appropriate fuel. 

The report states that about 12 million old-fashioned 
grates are in regular use. Ideally, everyone should switch 
over to modern grates using smokeless fuel, such as those 
recommended by the Coal Utilisation Council and the Gas 
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Council. Since 1947, 4 million approved appliances have 
reached distributors in Britain. The major difficulties are: 
(a) the high cost of replacing old-fashioned grates and 
(5) the scarcity and high price of smokeless fuels. 

The ‘smokeless zone’ idea, admirable though it is, Is 
not a fair one from the national point of view so long as 
the shortage of smokeless fuel continues. For as the report 
says, “while supplies of the latter are limited, their alloca- 
tion only to smokeless zones would be at the expense of 
other areas’’—areas which in fact may be most deserving 
of the smokeless fuel! 

The report calls attention to the need for industry to use 
fuel more efficiently and cut down the amount of smoke it 
generates. The Government introduced in 1953 a loan 
scheme to provide capital for approved fuel-saving projects, 
but the response so far is too small. The Ministry of Fuel’s 
Fuel Efficiency service has been transferred to a company 
sponsored by the British Productivity Council, and the 
Beaver Committee states its intention of discussing with 
this agency the means of securing much more rapid results. 
Reference is made to the work of the Fuel Research Station, 
and here the report says that enough facts have already 
been collected to make a major contribution to industrial 
smoke prevention if generally applied. 

There is no excuse for factory chimneys to discharge 
grit and dust, for modern cyclone extractors can bring up 
the efficiency of particle separation to 80°,, while a figure 
of 90°. can be achieved using electrostatic precipitators. 

This report is essentially a preliminary report, and time 
will be needed before the Beaver Committee can dig deeper 
into the relevant facts. But it is unlikely that anything new 
will emerge from the committee's continued investigation, 
and it is the facts which have already been established which 
call for action. Their next report is quite unlikely to pro- 
vide alibis for inaction. 


MORE MONEY FOR DSIR 


The Government announced on November 29 that it 
intends to permit the DSIR to proceed with their post-war 
plans for an expansion of research. At the same time it 
was announced that the Department's grant would be 
allocated in the future on a five-year budget, instead of an 
annual one as hitherto. 

The post-war plans for the DSIR’s expansion had to be 
curtailed two years ago when the annual grant was stabilised 
as part of the Government’s economy measures. Under 
the new arrangement, the expenditure on research is 
expected to increase by 10°. A sum of approximately 
£6 million will now be available each year for current 
research expenditure, and a similar sum will be available 
for building purposes over the whole five-year period. 

The granting of a five-year budget means that, although 
the planned expenditure will be calculated on an annual 
basis for each of the five years within the period, any money 
which is not spent at the end of each year will be retained 
by the DSIR for use in future years without prejudicing 
the amount it receives for the following year’s expenditure. 
This is expected to result in more flexible planning and a 
greater freedom to undertake research projects in fields 
where it is not possible to calculate the exact annual 
expenditure. 
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EXTINCT AND RARE 


ANIMALS 


D. R. ARTHUR wx. Pho. 


It is frequently believed that the extinction of vertebrate 
animals is only associated with vast geological and clima- 
tological changes of the earth's surface. While this is 
undeniably correct it is equally true that a number of 
vertebrate animals have become eliminated or brought to 
the near verge of extinction in historic times. This process of 
extinction may be complete where no survivors are known 
in any region, or it may be incomplete; that is, certain 
animals have disappeared from one region but have main- 
tained themselves in others. A modification of this second 
type is evident within the limits of a single land mass where 
animals have survived in restricted areas after having 
previously occupied a considerably wider range. In this 
article we consider the habits and structure of some of 
these recently eliminated and near-eliminated animals and 
analyse some of the reasons for their disappearance. 

Birds are of particular interest in this respect, and one 
which has captured the popular imagination is the Dodo. 
We are best acquainted with this bird from the pictures 
painted by Savery (1576-1639). The body was plump and 
measured about three feet from beak to tail, but because 
the wings were so small the Dodo was unable to fly. The 
beak was large and black, ending in a large horny hook; 
the sides of the face were for the most part bare. The legs 
were short, stout and scaly, with the thighs covered with 
feathers. The breast and tail were white, the wings 
yellowish-white and the plumage a dark ash colour. Living 
specimens were brought to Europe from their home in 
Mauritius between 1610 and 1620, and two captive speci- 
mens were known in England between 1630 and 1640. Its 
biology and ecology are veiled in mystery, although it is 
said to have lived in forests, swallowed pebbles, uttered a 
cry like a gosling and to have laid one largish white egg 
ona grass mat. The Dodo was first observed by the Dutch 
in 1598, who referred to it as a nauseous creature because 
of the unpalatability of its flesh. The name Dodo is, how- 
ever, probably derived from the Portuguese word ‘Doudo’ 
or simpleton. This bird was last reported from Mauritius 
about 1680, but it had completely disappeared by 1693, so 
that it was Known to naturalists for about a century. Most 
authorities are now agreed that the Dodos were exter- 
minated through the depredations of Portuguese and Dutch 
Sailors, and the pigs and dogs they introduced materially 
assisted in this destruction. 

The skeletal remains of the Dodo are rare and Baron 
Cuvier, in his famous work The Animal Kingdom, noted 
that “tat the present time [1828] there is only a foot of it 
extant in the British Museum and an ill-preserved head in 
the Ashmolean Museum, Oxford”. Later, Cuvier examined 
the remains both at Oxford and London and was “‘not 
merely satisfied of the validity and total generic distinct- 
ness” but expressed an opinion that “the foot preserved at 





The 


Dodo (from Ray 
Lankester’s Extinct Animals, 1905). 


FIG. Il. 


Oxford was specifically different from that in the British 
Museum”. Subsequently skeletons and bones of the Dodo 
have been found in the mud of a lake in Mauritius. 

A close relative of the Dodo, the Solitaire, inhabited the 
island of Rodriguez in the Indian Ocean and, like the 
Dodo, was slaughtered for food and killed by dogs and 
hogs. It did, however, persist until 1760. The habits and 
the territorial aspects of this Solitaire have been discussed 
by Armstrong in a recent issue of Discovery. Cuvier 
Stated that the identity of the Solitaire rested on the sole 
testimony of Legaut, who had, apparently, misrepresented 
such well-known animals as the hippopotamus. This state- 
ment is certainly not true today as there are many Solitaire 
skeletons in our museums (e.g. at London’s Natural History 
Museum). A third relation, the White Dodo of Reunion 
(another island in the Indian Ocean), or the bird of 
Nazareth, has been painted by P. Withoos (1654-93) and 
described by Francois Carechi who considered it to be very 
similar to the Dodo of Mauritius. The tooth-billed pigeon 
of Samoa is probably the nearest living relative of the 
Dodos. Formerly this pigeon built its nest on the ground, 
where the eggs and chicks provided easily accessible food 
for marauders. When it was rapidly reaching the level of 
extinction it completely changed its nesting habits and 
began to construct nests in trees. This was only possible 
because, unlike the Dodo, they possessed functional wings 
which undoubtedly saved the species from extinction. 


THE GREAT AUK 


The disappearance of the Great Auk or Garefowl is a 
more recent occurrence; the last living specimens were 
found at the Isle of Eldey off Iceland in 1844, while 1812, 
1821 and 1834 are the last recorded dates in Orkney, St. 
Kilda and Ireland. Formerly it was abundant on the rocky 
islands off Iceland, Newfoundland (especially on Funk 
Island), N. and W. Scotland, N. and S. Ireland and along 
the east coast of North America as far south as Maine. 
Cuvier remarked that as a “particularly rare visitant this 
species is allowed a place in the British fauna”. After its 
elimination skeletal remains have also been found in 
Denmark and in a cave on an island off the Durham coast. 
Like the Dodo and the Solitaire, more has been known 
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FIG. 5S. The extinct Great Auk. FIG. 6. The Razorbill. to Zealand 
which the Great Auk was closely related. 
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FIG. 2. The Moa. FIG. 3. Epiornis. This extinct bird is 
supposed to have been the ‘Roc’ of the Arabian Nights. 
FIG. 4. Notornis—the Takahea of New Zealand. Between 1898 
and 1948 this bird was thought to be extinct. In the latter year it 
was rediscovered by Dr. G. B. Orbell, and it is now multiplying. 











‘bill, to 


JANUARY 1954 DISCOVERY 


about its structure after its extermination than when the 
bird was living. Superficially, it resembled the penguin, but 
it bears a closer affinity to the puffin and the albatross. 
Like the penguin, the tiny wings were admirable as flippers 
in the water, where it was swift and alert, but on land 
progression was less efficient than the Dodo’s. At the 
present time there are less than 100 Auks in all the 
collections of the world. 

The female laid a single egg which measured 4} by 3 in. 
It was buff or white, ornamented with round spots or fine 
scrawls of black or brown. About 100 specimens of the 
egg are known. The causes of the extinction of the Auk are 
not known with certainty. It is alleged that they were 
continuously persecuted by fishermen because of the 
edibility of their flesh. The eggs too were palatable and 
were collected in thousands at the breeding places. On the 
other hand, no less an authority than Ray Lankester has 
expressed the opinion that the species was not hunted 
down. 


MOAS AND NOTORNIS 


In New Zealand ostrich-like birds, the Moas, survived 
until some five or six hundred years ago and were probably 
hunted out of existence by the ancestors of the present 
Maoris. The original evidence for the existence of this 
bird depended on the mid-part of the thigh bone from 
which Richard Owen deduced, with surprising accuracy, 
the structure of the bird. The actual interpretation of the 
structure has been based on remains found buried in 
morasses, comparatively superficial deposits, caves and 
around the cooking sites of former settlers. Non-skeletal 
parts in the form of muscles, ligaments, skin and feathers 
have also been collected. The feathers are in a remarkable 
State of preservation, having a fresh appearance with no 
apparent discoloration. Some of the feathers were black 
with red-brown bases and white tips, others were blackish- 
brown or yellow. There was considerable variation in size, 
the largest bird standing about 1|2 feet, while the smallest 
was about the size of a turkey; the female is thought to 
have been taller than the male. The head was ridiculously 
small, with small eyes; the neck is alleged to have been 
partially bare. The legs were stout, the wings very much 
reduced and a coarse, almost hair-like plumage covered the 
body. Fragments and whole eggs have also been found. 
These are usually dark or light green in colour, the yellow- 
ish-tinted eggs probably being faded specimens. Moa eggs 
were found in graves at the mouth of the Wairau river in 
South Island in 1939. A few of these Moa eggs were 
sufficiently intact to reveal that they had been blown by 
means of a perforation at one end. According to Duff 
(i950) it was clear that the eggs had been blown when they 
were fresh, and that the object of the single perforation was 
to convert the egg into a water-bottle. Moreover, the 
presence of moa bones together with the eggs in human 
middens has established that man and the moa were con- 
temporary in New Zealand. Further archaeological evi- 
dence indicates also that the Moas were exterminated 
before 1150. The work of Duff showed, too, that the 
hunters of the Moa birds were also responsible for the 
extermination of a swan (Chenopis sumnerensis) and a New 
Zealand eagle (Harpagonis). 


Native tradition has it that the Moas were sluggish in 
their habits, lived in pairs feeding on plant foods, and the 
ground nest was constructed of grass and leaves. Appar- 
ently they were easily slaughtered by the natives, who 
captured them when exhausted by repeated spear wounds, 
after they had been driven from their retreats by burning 
the vegetation. 

Another interesting New Zealand bird was the Notornis, 
whose existence was first reported as a fossil but was years 
later found living in South, Island. Until 1948 it was 
doubtful whether any survivors of this bird still existed. 
In that year, however, a small colony of Notornis was 
discovered in an old glacial valley on the western shore of 
Lake Te Anan in the Murchison Range area. The present- 
day distribution appears to be very restricted, but fossil 
and semi-fossil remains indicate a former wider distribu- 
tion in the low country of the southern part of North 
Island and in the north-east, south-east and south of South 
Island. An interesting account of the distribution and 
habits of Notornis was given by Williams in 1950. 

From Madagascar came the Aepyornis, or ‘giant bird’, 
which is thought to have been the origin of the ‘Ruc’ seen 
by Marco Polo and of the fictional ‘Roc’ of the Arabian 
Nights. The living Aepyornis was supposed to have been in 
existence some 200-300 years ago and it has been suggested, 
without much evidence, that a few of these stupendous 
birds may still linger on in the vast areas of the unexplored 
parts of Madagascar. The eggs of these massive limbed 
birds measured 13 in. in length by 93 in. in width, and the 
Shells, some of which hold two gallons, were used by the 
natives as liquid containers. Sometimes these eggs are 
washed out of the sand bordering lakes during stormy 
weather when they are found floating on the water. 

Extinct birds are usually known from specimens or 
remains in Our museums, but according to A. H. Verrill 
there are certain birds whose identities are unknown and 
of which we have no remains, no accurate descriptions or 
illustrations. One such bird, according to Verrill, is the 
fabulous Diablotin of Dominica (West Indies), where it 
was restricted to the slopes of Mount Diablotin. These 
birds are said to have lived in burrows during the day and 
to have fed during the night. They were considered to be 
such a delicacy that they were ruthlessly hunted with trained 
dogs and were completely slaughtered over a century ago. 
No specimens of the bird nor its eggs have been preserved. 
A diablotin has been figured by Pere Labat, but it seems 
likely that Labat’s figure refers to a shearwater, also called 
a ‘diablotin’, which occurs on the island of Guadeloupe. 

Wolves formerly roamed over Britain and, according to 
the Chronicle of Brut y Tywysogion these animals were 
extracted as tribute by King Edgar of the Saxons from 
lago, son of Idwal, in A.D. 962. The extent of this tribute 
appears to be controversial. In any case, the continued 
persecution of the wolves restricted them to the wilder 
parts. They were last seen wild in Dartmoor and the Forest 
of Dean in the reign of Queen Elizabeth I and in the New 
Forest in the 12th century. In the wilder parts of Scotland 
they survived until 1743 and in Ireland until 1770. The 
wolf has maintained its position over the greater part of 
Europe, northern Asia and northern America: in other 
words, its elimination has taken place in only one part of its 
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FIGS. 11-12. The Tarpan, after a long period of extinction, has been re-created by Heinz Heck of the 

Munich Zoo. He obtained by a programme of breeding, in which he mated Icelandic and Gothic mares ie , 

with males of the Mongolian wild horse known as Przewalski’s Horse. The Tarpan is mouse-grey in colour, Hon of 

in contrast to the reddish-brown Przewalski's Horse. of its h 
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original domain. In this respect the insularity of Britain 
has been a material factor in preventing its re-establish- 
ment. The same is probably true for bears, which were 
known in Britain before the 10th century. 

A rather similar fate appears to have befallen the Beaver. 
It still occurs in parts of France, Scandinavia and Russia, 
but disappeared from its last British stronghold in Wales 
towards the close of the 16th century. Other authorities 
have expressed the opinion that the last positive evidence 
of the beaver in Britain was about 1200 when it was still 
to be found in the River Teifi in Cardiganshire: there is 
some indication that it inhabited Scotland at a later date. 
Be that as it may, skeletal remains found in the Cam- 
bridgeshire fens and superficial deposits elsewhere indicate 
a far more extensive earlier distribution in Britain. 


AUROCHS 


According to historical records, the great bull or Urus 
was found all over Europe, but has long ceased existence. 
Caesar, in his De Bello Gallico (Book V!) wrote that it was 
found wild in different parts of Europe and reported it to 
be as large as an elephant. The Urus or Aurochs stood 
about seven feet high, compared with nine feet for a fair- 
sized elephant, and the span between the tips of the horns 
was as much as seven to eight feet. No survivors of the 
aurochs are now known, the last having been killed in 
Warsaw in 1627. The more or less wild cattle at Chilling- 
ham and Chartley (the last adult bull of this breed is pre- 
served in London’s Natural History Museum) and else- 
where are alleged to have been the descendants of the 
Aurochs. Presumably all the present breeds are partly 
derived from this and partly from other types of bulls 
which are quite changed in their general characters. The 
difference in size, however, prohibits our tracing back the 
present stocks to the large white ox, and our present forms 
may possibly represent the remains of cattle introduced by 
the Romans. It is known, however, that large oxen lived 
in London towards the close of the I2th century and 
superficial fossil remains have been recovered from the 
Cambridgeshire fens. 

A more recent and total extermination has been that of 
the Quagga, which differs from the zebra by being striped 
in front only. It survived until about 100 years ago and was 
common in South Africa. The Quagga was still abundant 
in 1836, and in 1864 the last specimen ever exhibited was 
received by the Zoological Society. This species has often 
been confused with Burchell’s Zebra and may possibly 
account for the statement that the Quagga survived until 
1878 in the Orange Free State. Possibly one of the animals 
which was known in a living condition for the shortest 
period of time was a sea cow (Sirenia). These are repre- 
sented today by the Manatee and the Dugong, but the group 
has a long geological history extending back to the Oligo- 
cene. In the 18th century the naturalist Steller found a new 
genus, Riytina, in the Aleutian Islands between North 
America and Asia. This sea cow was about twenty feet 
long, had a small head, flipper-like pectoral fins, no hind 
limbs and a fish-like tail. Except for two smali transient 
incisor teeth there were no others present. and the mastica- 
tion of seaweed, its staple food, was carried out by means 
of its horny palate. The ruthless mass destruction of this 
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species resulted in its complete extermination within the 
short period of ten years, Man, again, being the respon- 
sible agent. 

Some of our present-day mammals have become increas- 
ingly rare and maintain only a precarious hold in localised 
areas. One such example is the polecat. It is practically 
extinct in the English counties and it is extremely doubtful 
whether it survives in Scotland. They are now mainly 
restricted to certain parts of mid-Wales, especially in the 
Tregaron bog area in Cardiganshire. Their abundance 
earlier in our history supported an active trade in their 
pelts and in the mid-19th century the species was so com- 
mon that bounties were paid by churchwardens for those 
killed. From 1850 onwards there was a rapid decline in the 
numbers of polecats and extinction was not far distant, 
presumably because they were hunted with dogs for sport. 
In 1919, for instance, it was reported that the polecat had 
practically disappeared in Anglesey and east Wales. It 
was sufficiently rare in Glamorganshire and Monmouth- 
shire in 1930 to be classed as virtually extinct. According 
to Mr. Colin Matheson, however, the species appears to 
have increased in a remarkable way in Wales in recent 
years, apart, possibly, from Anglesey. The near relatives 
of the polecats, the Weasels and the Stoats, have also 
declined in numbers rather than increased recently in many 
localities. 

Man has certainly influenced this decrease in population 
and also the localised nature of many of the faunal forms. 
This he has done either in the interests of sport or on the 
grounds that polecats, stoats and other carnivores are un- 
desirable ‘vermin’ to be eradicated at all costs. In the 
earlier decades of the 18th century, polecats, for example, 
were hunted by man and hounds, and more recently the 
steel traps, for which polecats, weasels and stoats are 
particularly gullible, have taken their toll. The use of the 
gin trap for trapping rabbits, associated with increased 
food productivity, has also meant the accidental trapping 
of these carnivores. In south-east Wales stoats have be- 
come temporarily extinct in some localities because of this 
intense trapping. 

Like the polecat, the Wild Cat was common in this 
country at one time, but is now rare and limited to certain 
districts chiefly north of the Great Glen in Scotland. The 
true wild cat has a proportionately longer body and limbs 
than the domestic cat, which ts probably of eastern origin. 
Moreover, the tail is shorter and thicker, while the pads of 
the toes are not quite black. 

Fortunately a radical and more enlightened view has 
been adopted since the last war, and has resulted in a less 
intense ‘anti-vermin®’ campaign. In addition, the planting 
of trees over large areas of the country by the Forestry 
Commissioners has provided habitats where some of these 
animals are able to survive and multiply. 


READING LIST 

Armstrong, E. A. (1953), “Territory and Birds”, Discovery, 14,223. 

Harrison Mathews, L. (1950), British Mammals, Collins, New 
Naturalist Series. 

Williams, G. R. (1950), “*“An almost extinct bird’, Discovery, 9, 
216-19. 

Duff, R. S. (1949), ““Moas and Man”, Pt. I, Antiquity, 23, 172. 

Duff, R. S. (1950), ““Moas and Man”, Pt. I], Antiguity, 24, 72. 








STRUCTURE AND FUNCTION OF DNA 


F. H. C. CRICK asc. 


For a number of years a new scientific unity has been developing from a synthesis in which chemistry and physics have become closely 
linked with biology. On the biological side cytologists are concerned with what happens to the nucleo-proteins and the nucleic acids 
present in plant and animal cells. These compounds are of great interest to biochemists and biophysicists, and during 1953 


important 


One of the fundamental problems of biology is the manner 
in which the hereditary factors are copied and passed on 
from one generation to another. In particular we should 
like to know in terms of atoms and molecules just how these 
factors carry the genetical information, how the cell 
produces an exact copy of them, and how they exert their 
influence on the cell. 

The hereditary factors are believed to be carried by the 
chromosomes, the rather fibrous bodies found inside the 
nucleus of a living cell. Now chromosomes mainly consist 
of two kinds of substance—protein and nucleic acid—and 
much experimental work has been carried out to discover 
their chemical nature. As far as nucleic acid is concerned 
this work has been conspicuously successful, and its general 
chemical formula is now known. Until recently, however, 
hardly anything has been found out about its “structure — 
the arrangement of the molecule in space—but within the 
last year there have been exciting developments in this 
direction, and it is with these that this article is mainly 
concerned. 

Two sorts of nucleic acid are found in living cells. The 
one in which we are interested im this article is called 
deoxyribonucleic acid, or DNA for short. Its general formula 
is very simple to grasp. It consists of a very long chain 
made up of alternate sugar and phosphate groups. The 
Sugar is always the same sugar (known as deoxyribose, or 
ribose with one oxygen missing) and it is always joined on 
to the phosphates in the same way—by ester linkages—so 
that this long chain is perfectly regular, repeating the same 
phosphate-sugar sequence over and over again. 

This chain is only part of the molecule, however, for 
every sugar has a ‘base’ attached to it, as shown in Fig. 1, 
but the base is not always the same base. Commonly four 
different types are found. They are all flat heterocyclic 
rings—two purines, known as adenine and guanine, and 
two pyrimidines, known as thymine and cytosine: (their 
formulae appear later, in Figs. 5 and 6). As far as is known 
the order in which they follow one another along the chain 
is irregular, and a typical bit of DNA might have the formula 
shown in Fig. 2, in which the names of the bases have been 
written in at random. It i$ because the exact sequence of 
the bases is not known that one can only say that the 
general formula of DNA is established. 

It should not be thought that this rather simple formula 
was found in a day. It has taken more than twenty-five 
years’ work by organic chemists to prove it, and it should be 
reckoned as one of the major achievements of organic 
chemistry applied to biology. It is the foundation for all 
the ideas described in the rest of this article. 

During the last few years biochemists, using improved 
modern methods (in particular, chromatography and 


advances have been made on this front as a result of discoveries in 


British, U.S. and Canadian laboratories. 
ultra-violet absorption), have tackled the problem of the 
relative amounts of the four bases in DNA from different 
species. The leaders in this field have been Dr. E. Chargaff 
and his colleagues at Columbia University, New York, and 
Dr. G. R. Wyatt in Canada. They have shown that the 
relative amounts of the various bases can vary from species 
to species, but appear to be fixed (within the limits of 
experimental error) for a given species, irrespective of 
which individual or which organ the DNa is taken from. 
The chemical formula does not by itself tell one the 
shape of the molecule. This is because there are many 
single bonds in the phosphate-sugar chain, and as rotation 
is in theory possible about all of them, one might expect 
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FIG. 1. The general chemical for- 
mula of a single chain of DNA. 


the ch 
Curlou 
light-sc 
the elec 
thin, a 
width | 
length 
20 A. 
great ir 
which | 
typical 
Non 
arrange 
typical 
molecu 
diffract 
thymus 
methoc 
be mot 
manne! 
graphic 
T. Astb 
all the 1 
Dr. R¢ 
College 
tained | 
could t 
graphs 
known, 
one car 
pattern 
picture 
because 
Fourier 
relative 
Neve 
the X-r 
distinct 
of these 
40%, W 
order p 
took up 
gave a ¢ 
that is, 
packed 
Secor 
contain 
ently id 
The X-1 
so that 1 
rather f 
What tl 
was tha 
pendent 
fact tha 
truly cr 
The t 
Crystall¢ 
rather Ic 
crystalli 


asely 
icids 
1953 


ries. 


1 of the 
lifferent 
“hargaff 
ork, and 
that the 
1 Species 
mits of 
ctive of 
from. 

one the 
e many 
rotation 
t expect 


SE 


SE 


\SE 


JANUARY 1954 DISCOVERY 


the chain to coil about in a rather random manner. 
Curiously enough, both measurements of the viscosity and 
light-scattering of DNA in solution, and pictures of dry DNAin 
the electron microscope all suggest that the molecule is long, 
thin, and fairly straight, rather like a stiff bit of cord. The 
width of the molecule, as measured for example by the 
length of the ‘shadow’ in the electron microscope, is about 
20 A. The length of the DNA inside the cell is perhaps very 
great indeed, and even after it has been extracted, a process 
which may break it up somewhat, it is still fairly long. A 
typical figure would be, say, 30,000 A, or 3u.* 

None of these methods tells usanything about the detailed 
arrangement in space of the atoms inside the molecule (the 
typical distance between atoms bonded together in organic 
molecules is 1} A). For this it is necessary to use X-ray 
diffraction. The DNA from a tissue—the favourite is the 
thymus gland of the calf—can be extracted by mild 
methods, and then drawn into long fibres. The fibres can 
be mounted in an X-ray diffraction camera in the usual 
manner, and the diffraction pictures recorded on a photo- 
graphic plate. The pioneer work was done by Professor W. 
T. Astbury and Dr. Florence Bell before the war, but almost 
all the recent work has been done by Dr. M. H. F. Wilkins, 
Dr. Rosalind Franklin and their co-workers at King’s 
College, London. The diffraction pictures they have ob- 
tained are of an extremely high quality. If the structure 
could be deduced unambiguously from the X-ray photo- 
graphs the solution would have been easy, but as is well 
known, this is not possible. From a postulated structure 
one can work out mathematically the expected diffraction 
pattern, but there is no direct way of going from the X-ray 
picture fo the structure. In mathematical language this is 
because the diffraction pattern gives the amplitudes of the 
Fourier components of the electron density, but not their 
relative phases. 

Nevertheless, certain facts emerged straight away from 
the X-ray work. Firstly, it was found that there were two 
distinct X-ray patterns, depending upon the humidity. One 
of these, which occurred when the water content was about 
40°, was crystalline; that is, there was three-dimensional 
order present. When the humidity was raised the fibres 
took up more water, increased in length by about 30%, and 
gave a different pattern which tended to be paracrystalline; 
that is, the molecules were all parallel to each other, but 
packed side by side in a less regular manner. 

Secondly, it was found that DNA from different sources, 
containing different amounts of the four bases, gave appar- 
ently identical X-ray patterns. This was rather surprising. 
The X-ray reflections do not extend to very small spacings, 
so that the picture they would give of the molecule might be 
rather fuzzy, and one base might look rather like another. 
What the identity of the different X-ray pictures suggested 
was that the broad arrangement of the molecule was inde- 
pendent of the exact sequence of the bases. But then the 
fact that DNA, with its irregular sequence of bases, gave a 
truly crystalline picture at all was rather surprising. 

The third thing the X-ray pictures showed was that the 
Crystallographic repeat distance in the fibre direction was 
rather long—28 A in the crystalline form, 34 A in the para- 
crystalline form—compared with the maximum possible 

+1 A=10-4, =10-8 om. 
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FIG.2. A typical stretch of a DNA chain. The 
names of the bases have been written in at random. 


repeat distance of the chain, which when fully extended is 
only about 7 A from phosphate to phosphate. This showed 
that there were several chemical repeats of the phosphate- 
Sugar chain in one structural repeat. 

Dr. J. D. Watson and I, working in the Medical Research 
Council Unit in the Cavendish Laboratory, were convinced 
that one could get somewhere near the structure by build- 
ing models. There is a great deal of information available 
about the bond distances between atoms, about the angles 
between bonds, and also about the size of atoms—the so- 
called van der Waals distances. All this can be embodied 
in scale models. Because rotation is possible about single 
bonds, the models when first built are not stiff, but some- 
what flexible. The problem is rather like a three-dimen- 
sional jig-saw puzzle with curious pieces joined together by 
rotatable joints. 

Stimulated by the preliminary X-ray results of the King’s 
College workers, we attempted to build models which 
would be consistent with their data for the paracrystalline 
form. We assumed that since the phosphate-sugar chain 
was chemically regular it would probably take up a regular 
arrangement in space. In other words we assumed that the 
configuration of any one phosphate-sugar group would 
look exactly like all the others. It can easily be shown that 
the only possible form for a chain, the links of which fulfi! 
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FIG. 3. The general formula ot a pair of DNA chains. The dotted 
lines symbolise the hydrogen bonds holdings the two chains together. 
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FIG. 5. The pairing of adenine and thymine. The hydrogen bonds 
are shown dotted. The two sugars belong to different chains. 
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FIG. 6. The pairing of guanine and cytosine. The hydrogen bonds 
are shown dotted. The two sugars belong to different chains. 
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F1G. 4. The proposed structure for 
DNA shown diagrammatically. The 
two phosphate-sugar chains are 
symbolised by ribbons, and the pairs 
of bases holding the chains together 
are represented as horizontal rods. 
The vertical line marks the imagi- 
nary fibre axis. 
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this condition, is a helix,* or a degenerate helix, such as a 
straight line or a circle. Notice that a helix accounts rather 
naturally for the long repeat distance of the structure, as 
this would correspond to one turn of the helix. This 
restrictlon—that the phosphate-sugar groups are spatially 
uniform—is a great help in model building as it reduces 
very considerably the number of possibilities that have to 
be explored. Indeed, at first we were unable to build any 
satisfactory model consistent with our assumptions, but 
eventually we arrived at a structure which we now believe 
to be correct in its broad outlines. 

This particular model does not contain just one DNA 
chain, but a pair of them, wound round a common axis. 
These two chains are linked together by their bases. A base 
on one chain is joined by weak p/ysical bonds to a base at 
the same level on the other chain, and all the bases are 
paired off in this way right along the structure. This is 


shown diagrammatically in Fig. 3. The general appearance 


of the structure is shown in a symbolic manner in Fig. 4, in 
which the two ribbons represent the phosphate-sugar 
chains, and the pairs of bases holding them together are 
symbolised as horizontal rods. It will be found that this 
figure looks exactly the same upside down, and to preserve 
this feature we have built our model so that the actual 
sequence of atoms in one phosphate-sugar chain its in the 
opposite direction to the corresponding sequence in the 
other. This is shown symbolically by the two small arrows. 

Now it is found that one cannot build this model with 
any bases one pleases; only certain pairs of the four bases 
will fit into the structure. In any pair there must always be 
one big one (purine) and one little one (pyrimidine). If one 
tries to put in two purines—two big ones, that is—there 1s 
not sufficient room for them. Conversely, a pair made of 
two pyrimidines is too small to bridge the gap between the 
two chains. Moreover when one examines in detail how 
the hydrogen bonds are formed between the bases it ts 
found that (making certain plausible assumptions) the 
pairing is even more restricted. The only possible pairs 
that will fit in are: 


Adenine with Thymine 
and 
Guanine with Cvtosine 


The way these pairs are formed is shown in Figs. 5 and 6. 
The dotted lines show the weak physical bonds, known as 
hydrogen bonds, which hold the two bases of a pair 
together. (Hydrogen bonds are, for example, the main 
forces holding different water molecules together, and it is 
because of them that water is a liquid at room temperatures 
and not a gas.) 

These specific pairs can be built into the structure either 
way round. We can have adenine on the first chain paired 
with thymine on the second, or vice versa. But if we do 
have adenine at some point on one of the chains, it is 
essential to have thymine paired with it on the other. It is 
impossible to fit in guanine or cytosine or a second adenine. 
In the same way guanine must always be paired with cyto- 
sine. 

On the other hand the model places no restriction on the 
_ *A helix is often loosely called a spiral; thus a spiral staircase 
Is usually a helix, not a spiral. 


sequence of pairs of bases as one proceeds along the struc- 
ture. Any specific pair can follow any other specific pair. 
This is because a pair of bases is flat, and as in this model 
they are stacked one above another like a pile of coins, it 
does not matter which pair goes above which. 

This specific pairing of the bases is the direct result of the 
assumption that both phosphate-sugar chains are helical. 
This implies that the distance apart of two sugar groups at 
the same level (one belonging to each chain) is always the 
Same, no matter where one is along the chain. It follows 
that the bases, which are of course linked to the sugars, 
have always the same amount of space in which to fit, as 
can be seen from studying Fig. 4. If it were not for this 
restriction the bases could hydrogen-bond together in 
many different ways. It is the regularity of the phosphate- 
Sugar chains, therefore, which is at the root of the specific 
pairing. 


EVIDENCE FOR THE MODEL 


The experimental evidence in support of a model of this 
general type is now considerable. Measurements of the 
density and water content of the DNA fibres, taken with the 
evidence showing how the fibres can be extended in length, 
strongly suggest that there are two DNA chains in the struc- 
tural unit. The X-ray patterns have a large number of 
places where the diffraction intensity is zero and these 
occur exactly where one expects them from helical struc- 
tures of this type. Moreover the X-ray diffraction data 
approximates quite closely to cylindrical symmetry, as it 
should. Recently Wilkins and his co-workers have given a 
brilliant analysis of the details of the X-ray pattern of the 
crystalline form, and have shown that they are consistent 
with a structure of this type, though in this form the bases 
are not perpendicular to the fibre axis, but tilted away from 
it. 

As the structure is a relatively stiff one it easily explains 
the extended shape of the DNA in solution. It is also con- 
sistent with the titration curve. This has irreversible 
features which suggest that the bases are hydrogen-bonded 
together. However, the most striking support for the speci- 
fic pairing of the bases comes from the recent analytical 
data. These show that for every species so far examined— 
and there are over forty of them—the number of adenines 
in some given DNA Is closely equal to the number of 
thymines, and the number of guanines equal to the number 
of cytosines, although the cross-ratio (between say adenine 
and guanine) can vary considerably from species to species. 
This remarkable fact, which is exactly what one would 
expect from a model containing only the specific pairs, was 
first pointed out by Dr. Chargaff. Indeed, since the 
sequence of bases along a single chain is believed to be 
irregular this result is very difficult to explain except by 
specific pairing. 

It might be thought that while this model might be 
correct for the DNA extracted from the cell and made into 
fibres the DNA inside the cell was in a radically different 
form. This seems unlikely since it is difficult to see how 
the very characteristic features of the model could be 
produced merely by the extraction procedure. However, 
Dr. Wilkins has shown that it is possible to get very similar 
X-ray pictures from intact biological material, such as 
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FIG. 7 (A) A typical stretch of the DNA structure. 
(Bp) The two chains separate. 
(c) The formation of two new chains from loose nucleotides. 
(D) The process complete. Note that the sequence of the bases has been 
copied exactly. 
The letters represent the first two letters of the words PHosphate, SUgar, ADenine, G Uanine, THymine and CYtosine. 
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sperm heads and bacteriophage, so that there seems little 
doubt that the structure is biologically significant. 

The present position is therefore that while the details of 
the structure remain to be worked out—and until this is 
done the model cannot be considered as proved—it seems 
very probable that the following statements will stand the 
test of time: 


1. The structure consists of two chains. 

2. The chains are helical and wound round a common 
axis. 

3. They are held together by hydrogen bonds between 
specific pairs of bases. 

4. The structure occurs in biologically intact material. 


A POSSIBLE REPLICATION MECHANISM 


Now the exciting thing about a model of this type is that 
it immediately suggests how the DNA might produce an 
exact copy of itself. This is because the model consists of 
two parts, each of which is the complement of the other. 
The basic idea is that the two chains in the structure unwind 
and separate. Each chain then acts as a sort of mould on to 
which a new complementary chain can be synthesised. 
When this process is complete there will be two pairs of 
chains where we only had one before. Moreover, because 
of the specific pairing of the bases the sequence of the pairs 
of bases will have been duplicated exactly. 

As an analogy consider two photographic films, one a 
positive and the other a negative of the same scene. Now if 
one gives the positive to one person, and asks him to print 
a negative from it, and also gives the original negative to 
another person, and asks him to print a positive from it, 
they will end up with two pairs of photographs, each pair 
like the original pair. We shall, in effect, have made an 
exact copy of our original pair in one step. 

To see how this works out in the case of DNA let us con- 
sider the process in rather more detail. Since we have to 
synthesise two new chains we require some new material. 
The exact precursors of DNA are not known, but let us 
assume for simplicity that it is built up from nucleotides, 
which is the name given to the small molecules which 
contain one phosphate, one sugar and one base. 

Imagine, then, that we have a single helical chain of DNA, 
and that floating around it, inside the cell, there is a supply 
of the four sorts of nucleotides. Every now and then a loose 
nucleotide will attach itself by its base to one of the bases 
of the DNA chain. Now if this happens to two adjoining 
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bases, and if the loose nucleotides are the type which can 
form specific pairs with those already there, they will be 
in just the right position to be joined together, and, event- 
ually, to form part of the new chain. If one or both of them 
is not the correct type to go in at that point, it will be 
impossible to join them together and before long they will 
diffuse elsewhere. Thus only the nucleotides with the 
proper bases will get joined together to form the new chain. 

While this process is going on, the other single chain of 
the original pair will also be forming, in a similar manner, 
a new chain complementary to itself. The whole process is 
illustrated in Fig. 7. In Fig. 7A there is shown a small 
stretch of the original pair of chains. In Fig. 7B these have 
separated. In the next figure new chains are being formed 
from loose nucleotides, and in Fig. 7p the process is com- 
plete; it can be seen that the original pair has now been 
duplicated. 

At the moment this idea must be regarded simply as a 
working hypothesis. Straight away it raises a number of 
questions. How do the two chains unwind? What holds 
a single chain in a helical configuration? (Watson and I 
Suspect that the replication starts almost as soon as the 
unwinding, so that only a very short stretch is ever in the 
‘single’ state at one time.) Most important of all, how does 
the DNA influence the rest of the cell? We believe that the 
sequence of the bases along the DNA is the code that carries 
the genetical information, but how does it produce its 
effect? We can see how the code may be copied, but as yet 
we Cannot read it. 

In favour of the idea one can only say that it seems rather 
an odd coincidence to find in the one material which is 
most closely associated with replication a structure of 
exactly the type one would need to carry out a specific 
replication process, namely, one showing both variety and 
complementarity. The process is also attractive in its 
simplicity. While it is obvious that whole chromosomes 
have a fairly complicated structure it is not unreasonable 
to hope that the molecular basis underlying them may be 
rather simple. If this is so it may not prove too difficult to 
devise experiments to unravel it. It is, after all, remarkable 
that X-rays, which only show clearly the regular parts of a 
Structure should tell us anything at all about a material 
whose main purpose, we Suspect, is to embody variety. In 
any event we now have for the first time a well-defined 
model for DNA and for a possible replication process, and 
this in itself should make it easier to devise crucial experi- 
ments. 
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(Above) French veterinary scientists examining an infected wild rabbit. 
On the right is seen a domesticated rabbit also killed by myxomatosis. 


In Australia the spread of the virus disease known as myxomatosis is be- 
ingactively encouraged forthe purpose of wiping out the rabbit pest. In 
Britain, on the other hand, the stated policy of the Ministry of Agricul- 
ture is to try to contain the outbreaks until theexperts have been able to 
decide whether or not myxomatosis should be allowed to run free in the 
country. 

In Parliament on December 7 the Ministry spokesman, Mr.G. R. H. 
Nugent, said that in the past four weeks five fresh outbreaks of myxo- 
matosis in wild rabbits have been confirmed. There are now three 
centres ofinfectionin Kent, twoin East Sussex, two in Essex and one in 
East Sutfolk. The most recent outbreaks are in Essex, East Suffolk and 
Kent. There has been no appreciable local spread of the disease at the 
existing centres ofinfection. About 800 rabbits are known to have died 
of the disease since it was first reported. More infected rabbits may 
have died in their burrows either from the disease or gassing. Pressed 
to confirm that it was the Ministry's inflexible policy to stamp out 
this disease, “both for economic reasons and because it is of such 
a peculiarly revolting nature’, Mr. Nugent gave a negative reply, 
and then proceeded to explain the policy of containment. 

M yxomatosis is an ugly disease, which spreads rapidly but kills rather 
slowly. Itaffects tame and wild rabbits alike. The first signs appear five 
or six days after infection; the eyes and cars of the animal are first 
attacked; the rabbit grows thin, he stops eating and breathes with diffi- 
culty once the virus reaches the stomach ard lungs. The animal loses 
all instinct of self-preservation—no longer does it flee from humans, 
a passing car has no power to frighten it and, in the end, after another 
four or five days, the rabbit dies in the fields, the dying animal usually 
making little or no effort to regain the shelter of its burrow. 


(Left) A tame rabbit afflicted with the disease. 











(Right 
vaccin 
Pasteu 


(Below 
Garac 
which 

rabbit: 











MYXOMATOSIS 


The French 


Counterattack 


(Right) Inoculating a rabbit with the 
vaccine which is produced by the Institut 
Pasteur. 


(Below) A worker at the Institut Pasteur at 

Garaches fills ampoules with the vaccine, 
| which are then dispatched to help save the 
rabbits of France. 
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French official policy is different again, and the 
authorities have gone over to the offensive against 
myxomatosis. In France the disease was first identi- 
fied at Rambouillet on October 7, 1952. A farmer 
arrived at the Institut Pasteur in Paris with a dying 
rabbit, in the last stages of myxomatosis. He told how 
his fields were full of dead rabbits, how they no longer 
fled at the sound of a gun. The origin of the outbreak 
was traced to M_ ilebois (in the Department of Eure 
ct Loir) in May 1952, and was found to have been 
Started by ore man, Armand Delille, a specialist in 
children’s diséases. Delille’s estate, fifty miles outside 
of Paris, was overrun with rabbits, and he wanted to 
clear them off his land. To this end, he injected one 
or two of them with myxomatosis and let them loose. 
The disease has now spread to twenty-six departments 
of France, and it is also rife in Holland, Belgium, 
Germany and Switzerland. 

The disease is now being combated in France by 
vaccination. A vaccine is available from the Institut 
Pasteur which gives immunity from myxomatosis for 
six months after a rabbit has been injected with it. 


The hare, which is also susceptible to this disease, can 


be protected with the same vaccine. 
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object visible to the naked eye, 750,000 years; from the 
most distant objects detectable as yet, 1000 million years 
(the last two numbers in this list are now in serious doubt). 
Thus the unit of distance throughout this article will be the 
light-year, a unit equal to 6 million million miles, and the 
range of distances involved, from four of these units to 
1000 million, is a very wide one. 

The ordinary surveyor on land views a distant object X, 
using an appropriate instrument, from the two ends of a 
measured base line AB, and with his instrument finds the 
angles YAB and XBA. He is then able to calculate the 
lengths AX and BX. The same principle can be applied 
to the stars, but in this case the base line is the diameter of 
the Earth’s orbit around the Sun—observations from 
A and B are made at an interval of about six months. 
Further, the surveyor usually manages to arrange for the 
angle AXB to be quite large. The astronomer cannot do 
this, for his base line is only 16 light-minutes long, and the 
sides of the triangle at least 4 light-years; the largest 
angle at X so far discovered is about the same as the 
apparent diameter of a tennis ball 6 miles away! In spite 
of the difficulties the distances of several thousand stars 
have been found in this way, but the method fails when 
they reach 150-200 light-years. 

Although this direct method is so limited in its range it is 
nevertheless important, for it enables indirect methods of 
distance estimation to be tried out. These methods, and 
there are several of them, can then be applied to more 
distant stars whose distances are not known. Thus the 
exploration of space proceeds step by step, each depending 
on the one before it, either literally or as an essential check 
on its soundness. Only one of these indirect methods can 
be discussed here. 


CELESTIAL LIGHTHOUSES 


The apparent brightness of a star is described as its 
magnitude, a low number meaning a bright star and a 
high one a faint star—‘first’ magnitude has much the 
Same meaning as ‘first’ class. The ratio in brightness 
between one magnitude and the next is about 25; thus a 
Star of magnitude | is brighter than a 5, the faint star to 
the casual observer, by a factor of (2!)', or about 40. 
Many stars, however, do not maintain a fixed magnitude. 
Their brightness varies, some by a little, some by several 
magnitudes; some with a uniform rhythm, some irregu- 
larly; some quickly, some slowly. There is one class of the 
rhythmic variety known as cepheids, or cepheid variables, 
after the type star delta in the constellation of Cepheus, 
and in 1913 an important discovery was made with regard 
to these stars. Residents in the southern hemisphere can 
see a bright patch called the Lesser Magellanic Cloud 
(Fig. 1), and it was in this cloud that Miss Leavitt of 
Harvard found numerous cepheid variables. What is 
more, she found that there was a relationship between 
their brightness and their periods of light fluctuation, the 
brighter the star the more slowly it varied. The apparent 
brightness obviously depends upon the distance, and we 
can reasonably suppose that a faint star is likely (but not 
necessarily) to be a distant one, but in the case of the 
Magellanic Cloud all the cepheids are at much the same 
distance. Thus the period of the variable is related to the 
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real brightness. The astronomer’s measure of real bright- 
ness is the absolute magnitude, which is the magnitude 
which the star would appear to have if it were moved to a 
standard distance which, for reasons that we can omit 
here, happens to be 32:6 light-years. If the distance of a 
Star is known, then the absolute magnitude can be cal- 
culated from the apparent magnitude; similarly, if the 
apparent and absolute magnitudes be known the distance 
can be calculated. Readers will remember that the 
apparent brightness of a light is inversely proportional to 
the square of its distance: if the distance be doubled the 
light will appear to be dimmed to one-quarter. 

The original period-luminosity law was expressed in the 
form of a graph (Fig. 2, using scale A), with magnitudes 
vertical and logarithms of the periods horizontal. Groups 
of cepheids in other parts of the sky showed similar 
behaviour, though each group being at a different distance 
they would not have the same magnitude scale. If the 
distance of one or more cepheids could be found it would 
be possible to fit a scale of absolute magnitudes to the 
graph. The graph could then be used to read off the absolute 
magnitude for any cepheid of which the period was known, 
and a comparison of this with the apparent magnitude 
would give the distance. Finding this ‘zero point’ was a 
matter of considerable difficulty but was achieved by 
Shapley. Refer again to Fig. 2: scale B is of absolute 
magnitudes, and Shapley’s problem was where to place its 
zero with respect to scale A. Cepheids are very luminous 
stars, like lighthouses of very high candle-power, widely 
spread over the universe, and by their variation, recognised 
as cepheid by the shape of the magnitude-time graph and 
by spectroscopic examination, they signal to us their 
distance. Unfortunately they are all too far away for a 
direct distance measurement, and Shapley had to set his 
zero by one of the indirect methods. He hoped that the 
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FIG. 3. A globular cluster (Omega centauri). 


galaxy, to be estimated. 


possible error did not exceed a quarter of a magnitude, 
though some workers, in attempting to check it, disagreed 
by as much as a magnitude and a half. An element of 
uncertainty has always existed. 


THE SCALE OF SPACE 

Among the many interesting objects in space are the 
globular clusters, the name being almost self-explanatory— 
thousands of stars gathered together into an approximately 
spherical volume (Fig. 3), but so far away that only a 
fairly large telescope can reveal the nature of what in small 
instruments is only a hazy spot. Variable stars occur in 
these clusters, and some of these show the characteristics 
of cepheids. They are commonly called cluster cepheids 
and differ from the other variety like the type star in having 
short periods, one day or less instead of several days or 
weeks; the spectroscope shows that they are also rather 
hotter, though not so large and luminous. Shapley was 
able to use these cepheids to fix the distance of a con- 
siderable number of globular clusters. Using these dis- 
tances he was then able to ascertain the average absolute 
magnitude of their brightest stars, and this proved to be 
much the same for all of them. Here was an indirect 
method of fixing many more, for assuming the constancy 
of the average absolute magnitudes the average apparent 
magnitudes could be used to estimate distances. This work 
was a major step in finding out the structure and dimen- 
sions of the Galaxy, the assemblage of stars, clusters and 
other matter associated with the Milky Way and to which 


The period-luminosity 
law enabled the distances of these objects, which lie within our own 
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our Sun belongs (Discovery 1950, 
p. 256). The distances being estimated 
have now become quite large, for 
the diameter of the Galaxy is of the 
order of 100,000 light-years. A new 
complication has come in too. Space 
contains dust and other obscuring 
matter, like a thin fog, causing very 
distant objects to look fainter and 
more distant than they really are; a 
correcting factor has to be applied for 
this obscuration. 

The Magellanic Cloud that played 
SO important a part in this work lies 
outside the Milky Way system, though 
not far outside. It is one of an almost 
countless number of extra-galactic 
objects, also assemblages of stars and 
other matter, and popularly known 
as ‘island universes’ or the ‘other 
galaxies —the standard term is ‘extra- 
galactic nebulae’. In a few cases 
ordinary, or ‘classical’, cepheids have 
been recognised in these objects, and 
once a few distances have thus been 
estimated indirect methods can be 
developed as in the case of stars and 
globular clusters. Probably the most 
famous of these extra-galactic nebulae 
is that in Andromeda (Fig. 4); it is 
not the nearest, but is the nearest big 
one, and this is the object mentioned 
earlier as the most distant visible to the naked eye. The 
successive Stages of the process of reaching into space is now 
almost complete, but there is one indirect method worthy of 
special mention, the law of the red shifts. The spectroscope 
not merely analyses starlight to tell us the nature of the 
star, but it also tells us whether the star is moving in the 
line sight to or from the observer. If the object is receding 
the characteristic spectral pattern is moved a little towards 
the red end of the spectrum; hence the expression ‘red 
shift. This shift occurs in the same way (Doppler’s 
principle) as the common experience that the pitch of the 
note of a receding aeroplane is lower than during approach. 
The majority of the extra-galactic nebulae show velocities 
of recession, and when the velocities were determined for 
objects of known distance they were found to be directly 
proportional to the distance. Thus the distance can be 
estimated for any nebula bright enough to give a recog- 
nisable spectrum; the unknown distance bears the same 
ratio to one of the known ones as does the newly found 
red shift to the appropriate old one. This measuring stick 
has already reached out half a million light-years, and 
Humason, now working with the new 200-inch telescope, 
hopes to get much farther isee short note, DISCOVERY 
1951, p. 236). 

From the work of Bessel in 1838 to that of Humason in 
the present day there is a chain of investigation; from 
direct measurements indirect methods were developed, 
the second link was between these and the cepheid variables, 
then came the inferred nebular distances, and lastly the 
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law of the red shifts. The strength of a chain is that of the 
weakest link, and the weakest link is No. 2. 


THE BROKEN LINK 


The completion of the giant telescope on Mount 
Palomar, the 200-inch (Discovery 1948, p. 180), gave oppor- 
tunity for further study of the extra-galactic nebulae. One 
project, under Humason, has already been mentioned; 


another, led by Baade, was a detailed examination of 


individual objects composing the Andromeda nebula. 
Stellar populations have been divided into two groups, 
I being very large and luminous stars, including classical 
cepheids; the magnitude and distribution of these in the 
nebula was one special line of research. Population II is 
the more ordinary stars including the cluster cepheids. 
Quoting Baade himself: “The very first exposure on M31 
(the Andromeda nebula), taken at the 200-inch telescope, 
showed at once that something was wrong.” The earlier 
great telescopes had shown individual stars of the first 
group, including cepheids used for estimating the distance 
of about three-quarters of a million light-years; they had 
also revealed globular clusters, apparently smaller and 
fainter than those of our own galaxy, but not the cluster 
variables. It was expected that a certain exposure with the 
new telescope would photograph these cluster variables, 
but it did not, and in fact only just reached group II at all. 
This result could be accounted for by supposing that the 
nebula is farther off than we thought, and that would also 
account for the fact that the globular clusters there look 
smaller than our familiar friends nearer home. If this is 
true, however, then the classical cepheids must be brighter 
than they have been credited. 

The luminosities and colours of the bright population I 
Stars, called by Hubble ‘distance indicators’, have 
confirmed that Shapley’s zero point is about right for the 
cluster variables but not for the classical cepheids. For 
them there is a difference of just about one and a half 
magnitudes; the period-luminosity curve must be raised 
by this amount or, if you prefer it, a new zero point adopted 
as shown in scale C of the diagram (Fig. 2). We have 
already seen that the two types of cepheid are different in 
other ways, so it is not surprising that they do not obey 
quite the same luminosity law. It is not at all obvious 
why link No. 2, forged with such care in the second decade 
of the century, has given way; astronomers are investi- 
gating this problem and their conclusions will be awaited 
with interest. 

Just a final word about the consequences of the new 
discovery. The first is that all the extra-galactic objects 
are twice as far away and twice as big as was formerly 
thought; the Andromeda nebula is about one and a half 
million light-years away and is just about the same size as 
the Galaxy. This latter quantity does not change, for 
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FIG. 4. The nebula in Andromeda. The same law also gave 
a distance for this great extra-galactic object, but large-scale 
photographs with the 200-inch telescope have shown the 
estimate to be incorrect. This photograph was taken with the 
48-inch Schmidt camera. 

Mount Wilson and Palomar Observatories. 


although the distances of the classical cepheids in it must 
be doubled the dimensions of the Galaxy as a whole are 
based on cluster variables and other criteria. The region 
of space so far well explored has a radius of a million, not 
half a million, light-years, and the new telescope should 
extend this to two million. Mention has already been made 
of the velocities of recession shown by the extra-galactic 
nebulae. The phenomenon gives rise to the theory of the 
‘expanding universe’ in which every object is moving 
away from every other object. If this expansion ts real 
there must have been a time when they were all somewhat 
crowded together, and the period that has since elapsed 
works out to be rather short, for the geologists want three 
or four thousand million years for the evolution of the 
Earth. Doubling the scale of the universe would double its 
age too and greatly ease this difficulty. Thus although the 
astronomer is being forced to rebuild, the new structure 
should prove sounder than the old one. 


READING LIST 


The old work will be found in many books, such as: 
H. Spencer Jones, General Astronomy (Arnold). 
P. Doig, Outline of Stellar Astronomy (Hutchinson). 
J. B. Sidgwick, The Heavens Above (Oxford). 
An inexpensive book on this particular topic is: 
F. J. Hargreaves, The Size of the Universe (Penguin Books). 
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The new work is not easily available yet, but see: 

An address by E. P. Hubble, “The Law of the Red Shifts’, 
Observatory 73/99, June 1953. 

An article by O. Struve, ‘““The Distance Scale of the Universe”’, 
Sky and Telescope X11/238, July 1953 (U.S.A.). 

A short research note in Science News No. 29, Aug. 1953 
(Penguin Books). 











ELECTRICITY GENERATION IN 
THUNDERSTORMS 


B.J. MASON, M.Sc. 


Ever since the celebrated experiments of Franklin and 
d*Alibard in mid-eighteenth century, the origin and nature 
of lightning has presented a challenge to scientific men, and 
today, after 200 years of research, we are still trying to 
discover the exact nature of the processes which give rise 
to a lightning flash. 

In essence, we can regard the thundercloud as an electro- 
Static generator which produces electrical charges, both 
positive and negative, separation of which leads to a con- 
centration of positive charge in one region of the cloud and 
of negative charge in another region. As charge separation 
proceeds, the electric field between these charge regions, or 
between one of them and earth, grows until electrical break- 
down of the air occurs and the lightning flash is initiated. 

In this article we shall be concerned mainly with the 
fundamental question ““What is the mechanism by which 
the electric charge is generated and separated into positive 
and negative regions?’ But, before discussing the various 
theories it is appropriate to review very briefly the main 
known facts concerning the meteorological and electrical 
Structure of thunderclouds and from them to deduce the 
conditions which any satisfactory theory must obey. 


METEOROLOGICAL STRUCTURE OF A 
THUNDERSTORM 

Exploration by means of aircraft and radar reveals that a 
thunderstorm consists of one or more localised regions, or 
cells which contain strong vertical air currents and are the 
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locale of raindrop and hailstone formation and of lightning 
activity. Each cell has a fairly well-defined life history, 
comprising a growth stage, a mature stage and a decaying 
Stage. While the whole life of a cell may occupy about an 
hour, the mature stage, during which precipitation is 
released and the lightning occurs, lasts for about 15 to 20 
minutes. Very large, persistent thunderstorms probably 
result from successive cells developing in turn. 

A mature cell (or that part of it in which precipitation 
particles are found) may have horizontal dimensions of | to 
5 miles and extend vertically from the cloud base to a level 
at which the temperature is —40 C, a depth of typically 
20,000 ft.; the top of the visual cloud may be much higher. 
There is evidence to suggest that in some cases a large cell 
is subdivided into smaller units or sub-cells, with hori- 
zontal dimensions perhaps one-tenth of those of the cell. 
The vertical air currents may exceed speeds of 30 metres 
sec. (60 m.p.h.) although values of 5 to 10 metres sec. are 
more common. 

The bases of most thunderstorms are warmer than 0 C, 
so that in the early stages of development, water drops will 
predominate in the lower regions where the temperature is 
above, say, —15 C, while a mixture of ice crystals and 
supercooled droplets will appear at colder levels up to the 

40°C level, above which only ice crystals exist. The 
growth of raindrops by collisions between water drops of 
different sizes and speeds of fall commences in the lower 
part of the cloud, while the capture of supercooled droplets 
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The Internal Structure of a Thundercloud. 


by ice crystals initiates the formation of ice pellets (graupel)* 
which may later develop into true hailstones, in the higher 
sub-freezing regions. These processes continue until the 
concentration, and sizes of the precipitation particles 
become so large that they can no longer be supported by 
the upward air currents and then begin to fall towards the 
earth. The downward rush of heavy precipitation destroys 
the upcurrent, a downcurrent now being initiated instead; 
this marks the onset of the mature stage of the storm with 
which we are mainly concerned. The microphysical 
Structure of the cloud is illustrated in the figure. 


ITS ELECTRICAL STRUCTURE 


The distribution of charge inside a thundercloud was 
first deduced by C. T. R. Wilson by studying the manner in 


* The German term graupel is generally used by meteorologists 
to describe these pellets of soft hail. 
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which the electric field changes produced at the ground by 
lightning flashes, varied with distance from the storm. He 
concluded that there was an upper positively charged 
region and a negatively charged region lower down. The 
general validity of this picture had been amply confirmed 
by later work, although individual clouds may be more 
complicated in detail than Wilson’s simple bipolar model 
Suggests. The most direct information comes from 
measurements of the magnitude and direction of the electric 
field as a function of height in the cloud. The pioneer work 
was carried out at Kew by Sir George Simpson and his 
collaborators who attached recording apparatus to a 
balloon. The records showed that the upper part of a 
thundercloud is positively charged and most of the lower 
part negatively charged. Also, in the majority of storms 
there was evidence of a localised region near the base of 
the cloud containing positive charge. The results could be 
represented schematically by a model with: 
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(a) An upper charge of — 24 coulombs distributed in a 
spherical volume of 2 km. radius centred at a height 
of 6 km. (temperature — 30 C). 
(6) A negative charge of — 20 coulombs in a sphere of 
radius | km. centred at 3 km. (—8 C). 
(c) Acharge of - 4coulombs ina sphere of radius 0:5 km. 
centred at 1-5 km. (--1°5 C). 
Thus the upper positive charge and the bulk of the negative 
charge were in regions where temperature was below 0 C. 
Some recent investigations by Malan and Schonland 
(1951) suggest that in the large, single-cell type of storm 
which is common in South Africa, the negative charge Is 
contained in a nearly vertical column, which on occasion, 
may be 6 km. long, the temperature at its base being about 
0 C and its top frequently reaching up to, but not beyond 
the —40C level. The work of the Cambridge school 
suggests that this type of storm is not so common in 
England where the charge and precipitation may be 
located in a number of small sub-cells, each of which may, 
in turn, become involved in a lightning flash. 


THE CHARGES INVOLVED IN A LIGHTNING 
FLASH 

By measuring the change in the vertical component of the 
electric field at the ground produced by a distant lightning 
flash, one can calculate the electric moment M 2QH 
destroyed, where Q is the charged neutralised and H ts the 
vertical separation of the main positive and negative 
charge centres for an internal flash, or the height of the 
negative charge above ground for a discharge to earth. A 
reasonable mean value of M for all types of flashes is 
110 coulomb km.; taking values of H ranging from 2 to 
3-5 km. for cloud-to-ground discharges and up to 5 km. 
for internal flashes, the charges neutralised are of order 10 
to 30 coulombs. As lightning flashes from a given cell 
occur on average at intervals of about 20 sec., the current 
dissipated by lightning is of the order | amp. 

After the passage of a lightning flash the electric field 
recovers exponentially. The initial rate of recovery repre- 
sents the rate at which the electric moment grows in the 
absence of opposing electrical forces and leakage effects 
and has, on average, a time constant of 7 sec. Now the 
rebuilding of electric moment implies not only a generation 
of charge but a vertical separation of charges of opposite 
sign. It is generally believed that the negative charges are 
attached to the precipitation particles and the positive 
charges are carried upwards on ions or the small cloud 
droplets, so that their rate of vertical separation cannot 
exceed the fall velocity V of the precipitation particles in 
still air. Now, the initial rate of regeneration of moment 
would, if it remained constant, replace that destroyed, 
110 C km., in 7 sec. Hence, M=-2QH-—-110 C km; 


110. 10'_ 8000 


5.57 7 coulombs, 





Hma. = 1V, therefore, Qmin 
where V is the fall velocity of the raindrops or ice pellets in 
metres sec. If we take V =8 metres sec., the maximum 
velocity of falling raindrops, we see that the magnitude of 
the charges separating immediately after a discharge is 
about 1000 coulombs. This quantity of charge would be 
sufficient without replenishment to supply a number of 


26 


1954 DISCOVERY 


lightning flashes, so that the primary charge-producing 
mechanism need not necessarily supply new charge to the 
region as rapidly as it is being dissipated by a brief spell 
of lightning activity. We may imagine that the bulk of the 
1000 coulombs is distributed over a considerable volume 
in the form of mixed positive and negative charges, and 
that separation proceeds through the volume to produce a 
positive region near the top and a negative region near the 
base as represented in the diagram, a discharge occurring 
after say, 20 of the 1000 coulombs have become separated. 


CORRELATION BETWEEN THE METEORO- 
LOGICAL AND ELECTRICAL PROCESSES 


It appears that the development of heavy precipitation 
is necessary for violent electrical activity in a cumulo-nim- 
bus, the central lightning area usually being coincident with 
the area of highest precipitation intensity. The first light- 
ning flash occurs about 10 to 20 minutes after the appear- 
ance of the initial radar echo which indicates the presence 
of precipitation. As the main charge centres appear above 
the O C level it is natural to associate its generation with the 
ice phase. Indeed Kuettner (1950), from observations made 
inside thunderclouds capping a mountain top, reports that 
graupel pellets are the most frequent form of precipitation 
particle and are always accompanied by strongelectric fields. 


REQUIREMENTS OF A SATISFACTORY 
THEORY OF CHARGE GENERATION 


The main features of the thunderstorm which have been 
described in the foregoing paragraphs and with which any 
satisfactory theory of charge production must be consistent 
are: 

(1) The average duration of precipitation and lightning 
activity from a single thunderstorm cell is about 30 
minutes. 

(ii) The average electric moment destroyed in a light- 
ning flash is about 100 C km., the corresponding charge 
being 20 to 30 C. 

(iii) The magnitude of the charge which is being separ- 
ated immediately after a flash, by virtue of the fall-speed of 
the precipitation elements, is of order 8000 V coulombs, 
where V is the fall-speed in metres sec. 

(iv) In a large, extensive cumulo-nimbus this charge is 
generated and separated in a volume bounded by the 0 C 
and the —40 C levels and having a typical radius of 2 km. 

(v) The negative charge is centred near the —5_ iso- 
therm, while the main positive charge Is situated some kilo- 
metres higher up: a subsidiary positive charge may also exist 
near the cloud base, being centred at or below the 0 C level. 

(vi) The charge generation and separation processes are 
closely associated with the development of precipitation, 
particularly in the form of graupel. 

(vii) Sufficient charge must be generated and separated to 
supply the first lightning flash within 12 to 20 minutes of the 
appearance of precipitation particles of radar detectable size. 


PREVIOUS THEORIES OF CHARGE 
GENERATION 

During the past forty years, at least eight different 
theories explaining the generation of electricity in thunder- 
clouds have achieved prominence in the literature. Most of 
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these have been formulated without sufficient regard to all 
the available experimental data, and rarely have they been 
examined for quantitative agreement with these data. A 
satisfactory theory must show quantitatively how charge 
can be created and separated at the required rate, and must 
conform to the other main facts listed above. Space does 
not permit detailed discussion of al! the theories,* so we 
shall examine only those which have gained greatest 
acceptance. 
I. WILSON’S INFLUENCE THEORY 

C. T. R. Wilson (1929) pointed out that a raindrop 
subjected to an electric field would become electrically 
polarised, and in falling through a cloud of ions or charged 
droplets, could by selective capture of ions of one sign, 
acquire a net charge. If the drop falls more rapidly through 


_a downwardly directed field than the downward-moving 


positive ions, the latter are repelled from the lower half of 
the drop and deviated to one side, while the negative ions 
are attracted to it. Hence the drop acquires a net negative 
charge, which being carried towards the base of the cloud, 
augments the pre-existing field. The final charge acquired 
by a drop of radius r in a vertical field of intensity X is 
—0:52Xr°*, and the time required to acquire half this 
charge is 0-04 2, where 4 is the polar conductivity of the 
air for negative ions. If we assume that the precipitation 
rate in the active part of the cloud reaches | inch hr., with 
a mean drop radius of 1:5 mm. and an average field 
strength of 1000 volts'cm., the maximum charge that can 
be developed in 1 km.? of the cloud is 0-9 coulomb. But the 
actual charge which can be produced during the 30 minutes 
or so available, will be considerably less since the ‘half 
charge’ period is about 3 hours (assuming ~2=4™ 10°° 
e.S.u.); In any case, it is considerably smaller than the 
16 C km.* required by conditions (ii!) and (iv). 

It therefore appears impossible that the Wilson process 
can of itself separate the observed charges during the life- 
time of a typical cell. 


Il. THE DROP-BREAKING THEORY 
It has been established in the laboratory that the 


‘rupture of water drops in a strong vertical air jet produces 


considerable electrification. The large fragments of the 
broken drops acquire positive charges, the compensating 
negative charge being communicated to the air. The 
magnitude of the charges liberated depends on the violence 
with which the drops are shattered, but under conditions 
which are likely to be met in a turbulent thundercloud, 
amount to about 8 - 10°-'* coulomb for each cubic centi- 
metre of water disrupted. 

Now raindrops growing in a thundercloud may attain a 
diameter of 5 mm. above which they become unstable and 
break up while falling under their terminal velocities. 
Simpson (1909) suggested that the attendant electrification 
might be a significant factor in the generation of thunder- 
Storm electricity. It is clear, however, that if the large 
fragments acquire positive charges and the negative charge 
is Communicated to the air and to the small cloud droplets, 
gravitational separation will tend to charge the cloud in the 
Opposite sense to that which is observed. Nevertheless, it 

* A detailed discussion has been given by the present author in a 
Paper that appeared in Tellus (November 1953). 
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is-interesting to see whether the charges generated by drop- 
breaking are comparable in magnitude with those involved 
in lightning discharges. If we considerably overestimate 
the quantity of water involved in drop breaking as 4 g'm.° 
and assume the above value of 8 x 10-!* C’cm.%, a charge 
of only 3:2 « 10-? Ckm.®? is to be expected if the same mass 
of water is involved only once. Calculations show that if 
an unstable drop breaks up into fragments of 1 mm. 
radius, each of these may, in a warm, vigorous cloud grow 
to break-up size after about 4 minutes; this indicates 
that the same mass cannot be disrupted more than about 
three times during the time available, and that the maxi- 
mum possible charge produced by this process will still be 
two orders of magnitude smaller than the required 16C/km.* 
It has often been suggested that the drop-breaking pro- 
cess might account for the pocket of positive charge in the 
base of the cloud, but again calculation suggests that it 
could contribute only slightly to the observed charges. 


III. SIMPSONS THEORY OF CHARGING BY COLLISION OF 
ICE CRYSTALS 


Simpson (1942) suggested that the main charge structure 
of the thundercloud above the OC level could be ac- 
counted for by the production of frictional electricity 
during the collision of ice crystals, which were assumed to 
receive a negative charge, the compensating positive charge 
being carried upwards on cloud droplets. At the time he 
had no information on either the sign or the magnitude of 
the charge released during such a process, and direct 
evidence is still lacking. However, there is now some 
laboratory evidence to show that when slow air currents 
flow past a frost deposit, small splinters are broken off the 
delicate crystals, and that the splinters are predominantly 
positively charged, leaving a negative charge on the deposit. 
Such a process might have some relevance in a cloud where 
splinters may be torn off the fragile snow crystals by 
frictional drag with the air. If one takes the rate of charging 
found by Findeisen (1943), 4. 10°'° C cm.-? sec.~', and 
makes reasonable assumptions concerning the concentra- 
tions and surface areas of snowflakes, one arrives at an 
upper limit of 4. 10-' C km.~® sec.-?, or 0-5 C km.? in 
20 minutes, for the rate of charge production by the splint- 
ering process in a cloud. As the fall velocity of snowflakes 
is only about | m. sec., the required rate according to 
conclusions (111) and (iv) would be 130 C/km.* in 20 minutes. 
It appears then that such a splintering mechanism cannot 
be the primary source of the charge. Furthermore, it is 
doubtful whether snow crystals form a major part of the 
frozen-water content of growing thunderclouds, where, 
as we have seen, compact ice pellets appear to be 
predominant. 


IV. WORKMAN-REYNOLDS THEORY (1948, 1950) 


This is based on some experiments in which it was 
discovered that during the freezing of dilute aqueous 
solutions, a potential difference developed across the ice- 
liquid interface, the sign and magnitude of which depended 
on the nature and concentration of the solute. With the 
majority of solutions tested the ice became negative with 
respect to the liquid. 

In transferring these results to a cloud, the vehicle is the 
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wet hailstone, an ice pellet which, on reaching a critical 
size determined by the temperature and water content of 
the cloud, commences to capture small, supercooled cloud 
droplets at a rate faster than these can freeze and so acquires 
a liquid coat. The assumption is that when this stage is 
reached only a fraction of the water impinging on the hail- 
stone becomes frozen and the rest is flung off in rather small 
drops. It is further assumed that during partial freezing 
of the cloud water, which contains traces of various salts, 
negative ions will be preferentially incorporated into the 
ice as in many of the laboratory experiments, and that the 
water flung off will carry away a positive charge, leaving 
the hailstone negatively charged. Gravitational separation 
of the negative hailstones and small positive drops will 
then lead to a charge distribution of the observed polarity. 

There are several objections to the theory as presented 
by its authors, the chief of which is that the magnitude of 
the charges separated during freezing were very sensitive 
to the concentration of the solution. Moreover, the polari- 
ties of the ice and solution were reversed by the absorption 
of small quantities of carbon dioxide and ammonia. When 
ice pellets collected from clouds were melted and refrozen 
the electrical effects were either zero or of the wrong 
polarity. It seems unlikely that the production of thunder- 
storm electricity is dependent upon the cloud water con- 
taining just the right kind of soluble matter in just the 
right amounts. 


V. CHARGE GENERATION AND THE GROWTH OF ICE 
PELLETS IN THUNDERCLOUDS 
A number of experimenters have, in recent years, 
reported that when supercooled droplets are allowed to 
impinge and freeze on an ice surface, the latter acquires a 
substantial negative charge providing it does not become 
wet. It appears that the compensating positive charge is 
carried away on small ice splinters. There is not, however, 
unanimous agreement concerning the magnitude of the 
charge developed, but two independent workers, one 
working with laboratory-produced clouds and one with 
natural clouds, give the same value for the rate of charging, 
—5« 10°-'? Ccm.-* sec.~'. These results have been used by 
the present author (Mason 1953), to calculate the charge 
liberated in a thunderstorm cell during the growth of ice 
particles by the accretion of supercooled droplets. 
The rate at which charge is liberated at the surface of the 
particle may be written 
dQ dt 


where r is the radius of the particle (assumed spherical), o 
is the charging rate 5 « 10°-'* C cm.~? gsec.~', and the total 
charge Q liberated by the particle up to the moment it 
acquires a liquid coat is 


O—4no0 


4=r°o, 


v 


r°dt. 


~ 0 
The radius of the particle was calculated as a function 
of time in terms of the vertical air velocity in the cloud, its 
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temperature and liquid-water content. The calculations 
show that in a cloud of base temperature --10 C and 
pressure 900 mb. with a constant upcurrent of 10 m. sec., 
ice particles originating at the --10C level reach a 
maximum radius of about | cm. before becoming wet and 
acquire a negative charge of about 10°* coulomb. Making 
conservative estimates of the number of ice particles present 
per unit volume as indicated by expansion chamber experit- 
ments, it appears that more than 500 coulombs of charge 
would be generated in a cell of 2 km. radius within 11-5 
minutes. As the fall-speeds of these particles are 16 m. sec., 
this quantity of charge would be sufficient to satisfy con- 
dition (iii), while the time involved is in accord with 
requirement (vii). There is laboratory evidence to suggest 
that the concentrations of ice particles in the cloud may 
be considerably larger than indicated by the expansion 
chamber experiments on surface air, and because the more 
numerous particles may enter into competition for the 
available liquid water, each may not be able to reach the 
maximum size calculated above. However, if we suppose 
the same mass of ice per unit volume is involved at all 
stages but divided among N times as many smaller particles, 
the total charge produced under otherwise the same con- 
ditions will be increased by a factor N'’*. 

Thus these calculations suggest that if charge is liberated 
at the rate indicated by the laboratory experiments during 
the growth of graupel particles, we have a plausible 
mechanism for the generation and separation of charge in 
a thundercloud which appears to satisfy the conditions 


enumerated in S6. It appears that during the freezing of 
the droplets which strike the ice pellet, small fragments of 


ice Carrying positive charges are thrown off, leaving the 
pellet with a negative charge as indicated in the figure. The 
mechanism by which the charge is separated is not yet 
understood and much remains to be done before the 
origin of the charge involved in lightning flashes can be 
Stated with certainty. More careful experiments on the 
electrification accompanying freezing are required while 
observations on the nature of, and the charge carried by 
precipitation particles in active thunderstorms, are almost 
non-existent. Final solution of the problem is likely to come 
only from close co-ordination between exploratory studies 
of the clouds, laboratory investigation of charging mechan- 
isms and theoretical calculations of the type indicated 
above. 
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DISCOVERY'S FIRST DECADE 


People were still discussing DiscOVERY’s prediction—published on September 1, 1939—that an atomic bomb was now 
feasible and had to be reckoned with when the journal, then published by Cambridge University Press, became a war casualty 
and its editor, Dr. C. P. Snow, went off to organise the recruitment of scientists to aid the national war effort. 

For three years the title—which came straight from the cover of Sir Richard Gregory's book, Discovery, or the Spirit and 
Service of Science—was completely dead. Not until 1943 was it revived. The odds against its success were then heavy indeed, 
especially as it had to suffer for eighteen months under the handicap imposed by the fact that its editing had to be organised 
as @ part-time activity by three already busy individuals—namely P. V. Daley, Dr. David S. Evans and the present editor, 
William E. Dick. There were plenty of difficulties to be overcome: paper was scarce, many potential authors were engaged 
on war work and a great many topics could not be discussed at all for security reasons. In spite of this, the journal flourished, 
and in fact it was not long before Discovery blossomed forth with a very successful Spanish edition in addition to the large 
English edition. (The Spanish edition did eventually have to be wound up, not because there was any lack of readers, but 
simply because of the difficulties of international exchange then existing.) 





Today Discovery circulates throughout the world. Each month we print over 16,000 copies, and the total number of 
regular readers far exceeds that number since many copies of DISCOVERY go into libraries. 

The December 1953 issue marked the completion of the first decade of the new Discovery. This occasion brought us 
many messages from people eminent in the world of science and in the world of scientific journalism. Among them was a 
personal letter from Professor E. D, Adrian, who is the President of the Royal Society and the 1954 President of the British 
Association, wishing us ali success in the future. Below we print a selection of these congratulatory messages. 


from 
from 





Sir Ben Lockspeiser 
F.R.S. 
Secretary of the Depart- 


ment of Scientific and 
Industrial Research. 


Sir Edward Appleton 
F.R.S. | 


President of the British 
Association, 1953 





In the ordinary way of things, the passage of ten years The growth of science has been so rapid in the past few 
is not an event which prompts felicitations, but for decades that there is a real danger of its outstripping the 
DiscovERY the decade nearing its end has been a time of ability of the professional scientist, let alone the layman, 
unusual effort and achievement, and I welcome this to keep up with its progress or to understand what is really 
opportunity of sending congratulations and good wishes. happening except in the vaguest outline. The layman 

In 1943 Discovery rose phoenix-like from the cold ashes knows that science exercises a profound influence on his 
of its predecessor. In spite of war, and the aftermath of everyday life, but because advances are swift and not easily 
war, when conditions might have been considered un- understood, he may be mystified and even become suspi- 
favourable for the establishment of a serious periodical, cious of science as a whole. The scientist finds it increas- 
DiscovERY has become a highly respected and widely read _ ingly difficult to keep abreast of developments outside his 
scientific journal which satisfies the needs of those who own laboratory or specialty. 
require something more than ephemeral news or sensa- Science needs a well-informed public. It must have 
tional announcements. public opinion on its side, for unless it is nurtured in a 

Presenting science to the public is an important respon- friendly and encouraging atmosphere it will never be able 
sibility and, as those who are familiar with the work of the to satisfy people’s needs and desires in the way it should. Re- 
British Association well know, it is also a difficult art when liable and readable writing on scieritific matters is essential. 
the interested public consists of people ranging widely from Many scientists are either not good at this or else cannot 
highly expert professional scientists to laymen who ‘are _ be bothered with it. But it is an art worth cultivating, and 
often only interested in the practical outcome of scientific 1 am sure that the effort involved, for example, in writing 
effort. In addressing itself to such a wide range of readers an article for Discovery is well worth while. It is often 
Discovery has tackled its difficult task with increasing a salutary and beneficial experience to have to set down on 
Success. It has come to be recognised and esteemed for the paper exactly what you are doing, and why you are doing 
skill of its contributors in presenting promptly, lucidly, it, in words that can be understood by a reader with no 
attractively and authoritatively the progress of science and specialist knowledge but an intelligent interest in and 
its applications. appreciation of science. 
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DiscOVERY set out, ten years ago, to interpret science to 
a wide range of the inquiring public. I think it has 
succeeded. It has also, to my mind, encouraged the scien- 
tist to develop the art of clear and lucid exposition. I hope 
that it will continue to add to its achievements in the future. 


from the Editors of Nature 


We should like to offer our heartiest congratulations to 
DISCOVERY on its tenth anniversary in its present form. 
There is no doubt that Discovery has now achieved an 
enviable position among scientific journals of the world. 
We have often commented on the excellence of the articles 
and their authoritative nature. The subject-matter presented 
month by month, and the style in which it is presented, 
reflect considerable credit on the Editor. Throughout these 
ten years, there is no doubt that Discovery has developed 
along very important lines, especially in acting as a most 
important medium in Britain for interpreting science to 
those who have not had a specialised training. So authori- 
tative are the articles, however, that we frequently hear 
complimentary comments on them from other men of 
science. The illustrations also add considerably to the 
attractiveness of the Journal. 

At the present time when the impact of science on 
society is becoming more and more complex yet more and 
more important, a journal such as Discovery is essential. 
The non-scientist who, in more than one way, is concerned 
with science and its applications, needs to have science 
interpreted to him, and here Discovery is performing a 
very important function with commendable success. 

We send our greetings to our fellow journal on this 
occasion coupled with our sincere wishes for a successful 
future; judging from its development over the past decade 
this seems to be assured. 

A. J. V. 
be & Be 


GALE 
BRIMBLE 


from F, E. WARNER 


Your ten years of Discovery have put us all in your 
debt. What we get gives the lie to the complaint that 
modern science cannot make itself understood. Somehow 
you keep up to date without being obscure, and novel 
without being shallow or pretentious. 

The service this has done science in this country cannot 
be overestimated. Schoolboy or schoolmaster, scientist or 
engineer, we have all become more confident and gained 
a little self-respect at a time when the humanists’ attitude 
to us was ““Jimeo Danaos et dona ferentes.” 

I think a great deal of your success comes from the 
feeling you have for people and history. There will be no 
danger of science becoming fragmented and obscure when 
a historical perspective is kept. You do even more by 
keeping industrial developments in that framework, and, 
where they concern chemical engineers, they have received 
a treatment which is all we could have wished. 

(Mr. Warner is one of the joint honorary secretaries of the 
Institution of Chemical Engineers.) 


from SIDNEY ROGERSON 


Publicity Controller, Imperial Chemical Industries, 
Public Relations Adviser, War Office. 


I am happy to be allowed to offer my warm congratula- 
tions to DiscOvERY on its tenth birthday. Our careers over 
the past decade have curiously coincided. At the same time 
as DISCOVERY made its first appearance in 1943, I, both as 
parent and accoucheur, was assisting at the birth of [.C.I.’s 
campaign of scientific education which expressed itself in 
the informative series of advertisements which later became 
so well known, and in the quarterly periodical Endeavour, 
a contemporary but no competitor of Discovery. Since 
those dark and distant days your Editor has been a 
constant visitor seeking scientific truth both from I.C.I. 
and, mirahile dictu, from the War Office. Long may he 
continue to be in good health to direct the magazine, 
for which I wish and predict a much longer and even 
fuller life. 


from A. S. D. BARRETT 


Technical Director, 
W. Edwards & Co. (London) Ltd., 
Manor Royal, Crawley, Sussex. 


It is not easy for those outside science or technology to 
be aware of the tremendous impact of science on our lives. 
Unfortunately, the attempts to popularise science by press 
Or magazine articles either hideously distort it or highlight 
man’s regrettable use of science to hurt, when overwhelm- 
ingly it helps. This is a loss both to science, because the 
uninformed parent can fail to direct the gifted child into 
science studies, and to the general person deprived of the 
absorbing reading of the fascinating achievements of scien- 
tific developments. Indeed, this lack of understanding of 
the contributions of science is a general handicap, for 
science, aided by new discoveries or the application of 
scientific approach, could be a great hope to man willing 
to associate himself with it, in the satisfaction of his wants 
or the overcoming of his many scourges. 

Any publication, therefore, which ably and interestingly 
brings science into wider and more balanced appreciation 
must be an important contribution, but DISCOVERY, as a 
magazine of scientific progress, does more than this. As 
one whose work demands a general awareness of scientific 
developments, I should like to pay special tribute to you, 
Sir, on the occasion of your tenth publication anniversary, 
for the commendable manner in which Discovery reports 
scientific advances, in which authority is combined with 
enjoyment. 


from L. RUSSELL MUIRHEAD 


Felicitations to Discovery on the completion of a 
successful decade in its present style; may this be only the 
first of many such periods. As the last editor of DisCcOVERY 
in its original form, | am particularly glad to send this 
message of goodwill, as I was fated to see the journal pass, 
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at the approach of World War II, into a phase of suspended 
animation. It is impossible not to feel a pang of regret for 
the original Discovery, which was founded with the loftiest 
of motives: to interpret the Arts and Humanities to the 
followers of Science, and to reveal the mysteries of the 
Sciences to the Arts side. Even with the august and official 
support of the Royal Society and the British Academy this 
scheme was doubtless doomed to failure: such hybrids are 
scarcely viable, because they satisfy nobody fully. Now, 
however, a little courage, good journalism, and accurate 
but not ponderous scientific writing have combined to 
create a journal that goes a long way towards fulfilling the 
ordinary man’s desire to know about what is going on in 
the back room. 

(Mr. Muirhead was the editor of DiscoOvVERY who preceded 
Dr. C. P. Snow. He is today a director of Ernest Benn Ltd. 
and editor of the famous **Blue Guides”’.) 


from A. W. HASLETT 


Editor, Penguin Science News. 


For practical purposes, DiscOvERy is the personal 
creation of its editor. It should be enough, therefore, to 
refer its readers to the six score issues which he has pro- 
vided for them. It is not enough unless they will imagine 
also that for ten years, month by month, Mr. Dick has 
been thinking of ideas for the next issue before the one 
before has been passed for press; that authors do not 
always do as they have been asked to do or have themselves 
suggested; that pictures and diagrams have to be found and 
adapted, not merely taken ready for use; that even the best 
of past plans may need to be modified in the light of later 
happenings; and that all this has had to be done monthly 
against time, in fair weather or foul, in air raids or all clear, 
holiday or no holiday. The present editor of DiscOVERY 
has carried a burden of work and responsibility which can 
be fully understood only by those who have dealt with 
authors, typescripts, illustrations and printers in the con- 
text of a regularly maintained schedule. That, in addition, 
he has consistently enforced in Discovery his own high 
Standards of accuracy and lucidity makes his achievement 
outstanding. 


(Mr. Haslett, besides editing Science News, is editor of 


The Times Review of Science.) 


from E. M. FRIEDWALD 


Editor of Impact, Unesco, Paris. 


It is with some surprise that one realises that DISCOVERY 
—at least the DiscOVERY we all know—is only ten years 
old. For today it is acknowledged everywhere as the 
leading journal in its field, and normally any journal in 
Britain does not become even respectable unless it is at 
least a few generations old. Any journalist knows of course 
that a journal is as good as its Editor, no more and no less. 
And in this respect Discovery has had exceptional good 
fortune in having William E. Dick as its Editor—a fact 
Which, as a one-time frequent contributor, | had ample 
Opportunity of appreciating. 
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Personally I owe a great debt to Discovery, for it was 
its present Editor who opened up a new field for me—the 
study of the social aspects of science. I believe DiscOvERY 
was the first.important science journal to devote serious 
attention to this subject—and in 1946 it needed some 
courage and foresight on the part of an editor to publish 
and encourage the writing of such articles as appeared at 
that time in the columns of Discovery. 

DISCOVERY needs no praise of mine, but I hope its Editor 
will accept my congratulations on its past achievements 
and my sincere good wishes for its continued success. 


from WALDEMAR KAEMPFFERT 
Science Editor, The New York Times. 


| have some reason to think that I am among a few in 
the U.S.A. who have been reading DiscOVERY ever since 
its rebirth. From the first | was struck by the skill and care 
with which it was edited and by the quality of its contribu- 
tions. It is the kind of periodical that is needed not only 
by that part of the public which takes an interest in science, 
but also by scientists. 

The populariser of science is supposed to keep only the 
needs of the technically uninformed public in mind. His 
task is of far wider scope. It is one of his functions to 
make science so clear that even the scientists will under- 
Stand it. This is no joke. What does a botanist know of 
nuclear physics? Or a geneticist about astrophysics? Ora 
geologist about organic chemistry? I venture to say that 
these specialists derive as much instruction and pleasure 
from Discovery as | do. 

With a successful decade behind it Discovery enters a 
new phase auspiciously. As science advances, popularisa- 
tion becomes increasingly difficult. There is no doubt in 
my mind that Discovery will meet this challenge. 


from KEITH BEAN 


Australian Associated Newspapers Service, 
85 Fleet Street, E.C.4. 


As the journal of scientific progress, Discovery has 
proved a valuable chronicle for many overseas corre- 
spondents stationed in London. It certainly has for the 
Australian journals of standing and authority. 

Presumably from the effective catalytic action of its 
editor it achieves that happy fusion of lucidity of style with 
accurate and always interesting new information. 

While not confining itself to British development, it yet 
contributes to the maintenance of the important position 
which British scientific work holds and, by its frequent use 
in the newspapers and periodicals of the Commonwealth 
and Empire, it also serves as an effective instrument of 
liaison among scientists throughout this world-wide 
association. 

It will be the wish of all those who know Discovery that 
this last decade will be the first of many in which this 
journal will carry on and expand its high purpose. 
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from DEREK WRAGGE MORLEY 
Scientific Correspondent, The Financial Times. 


It is as one who reads Discovrry regularly, and who 
has done so for a number of years, that I should like to 
congratulate you on the occasion of your completing your 
first decade. 

DISCOVERY not only presents science in a form which is 
intelligible to the general reader and so presents the 
progress of science to all who are actively interested in the 
subject, but it has also, I feel, made a notable contribution 
to the general understanding of science by professional 
scientists. 

One of the chief problems facing scientists today is that 
of keeping in touch with scientific developments in fields 
other than their own which use different terminologies not 
easily understandable to scientists working in different 
branches. 

DiscOvERY is the only journal published in this country 
which covers the whole range of modern science, from 
nuclear physics to biology and the history of science, in a 


form which is both free from jargon and yet scientifically 
accurate. 


from C. L. BOLTZ 


Science Correspondent, B.B.C. European Service, 
Bush House, London, W.C.2. 


I can remember the arid years when there was no 
DISCOVERY; some technical journals then gave occasional 
popular articles and there were one or two science journa- 
lists attached to daily newspapers—otherwise there was 
nothing. 

Now Discovery is ten years old and well established, 
and not only as a popular journal, for it is included by 
many scientists in their lists of references. 

Listeners in Europe often hear selections from DISCOVERY 
read to them by broadcasters in the B.B.C. European 
Service. 

All this is extraordinary achievement in ten years. 
Congratulations to the editor and the publishers. 


THE HUNT FOR NEW FUNGICIDES 


Almost the greatest challenge which faces agricultural 
scientists today is that presented by the advance of the 
parasitic fungi. The trend of farming towards monoculture 
is a universal trend, which creates ideal conditions for the 
spread of fungoid diseases. In a field in which every wheat 
plant is genetically similar to its neighbours a fungus that 
can kill one plant will be capable of killing a// the plants, 
and so the disease can sweep through a crop like fire 
spreading through a forest. The western world was taught 
a Sharp lesson in the 1840s when Potato Blight brought 
famine to Ireland and drove huge numbers of Irishmen 
to emigrate across the Atlantic. Today some scientists 
feel optimistic about the chances of halting the march of 
these fungi, and there is no denying that there are grounds 
for a reasonable modicum of optimism. Undoubtedly the 
range of effective fungicides is now much larger than it was 
a century ago, and it is likely to be extended within the next 
five or ten years. Yet it is salutary to remember that so far 
no perfect fungicide has been found for certain specific 
diseases, such as Panama Disease of bananas. The plant 
breeders and geneticists have had a fair measure of success 
in their efforts to produce new varieties with resistance to 
fungus diseases. But here again there is reason to be humble: 
little enough has been done to improve disease resistance 
in commercial plants—for example, there is no excuse 
today for rose growers to ignore modern genetics to the 
extent that they do and to market roses which are suscept- 
ible to mildew, and yet a high proportion of rose varieties 
in the catalogues have no resistance to mildew. This breed- 
ing for resistance is a real exercise in biological warfare, in 
which one can never be sure that a particular victory is a 
permanent one; there can exist many different strains of a 
pathogenic fungus and the variety of a crop plant which 
resists the attack of one particular strain may not be able to 
withstand the onslaught of another more virulent strain 
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of the same fungus. This kind of thing has happened in the 
case of wheat rusts, and it seems that here the plant breeders 
must face the prospect of having to keep up a running fight 
against such diseases. The host/parasite relationship in all 
such cases is a complex one and involves fundamental 
biochemical issues; when one considers the vast biochemical 
differences between, for exampR, all the different strains of 
a single fungus species such as Penicillium notatum and the 
capacity for mutation which the different strains possess (a 
mutation implies a substantial change in the basic bio- 
chemistry of the strain), one gets a hint of the magnitude of 
the problem of breeding a crop plant with a set of bio- 
chemical properties that renders the plant impenetrable by 
the hyphae of the attacking fungus or capable of smother- 
ing—by antibiosis—the hyphae if they do succeed in pene- 
trating the outer defences and reaching the more vulnerable 
internal tissues. 

If the biochemists cannot as yet contribute anything 
substantial to the solution of these problems (which are, of 
course, very difficult because they are so complicated), the 
synthetic chemists are now busy producing new substances 
which show promise as fungicides and the biologists are 
testing them under field conditions. There is plenty of 
scope here, for the modern farmer has to rely very largely 
on a few fungicides which were developed a long time ago; 
some of these are quite satisfactory for certain purposes, 
but there is a good chance that better fungicides for general 
and specific uses will materialise. 

An example of a good old remedy in current use is 
Bordeaux mixture, which is both cheap and efficacious. 
This is, of course, a fungicide containing copper which was 
introduced nearly seventy years ago. Copper fungicides 
were the first to be discovered. As long ago as 1761 
Schulthuss steeped seed grain in a solution of copper 
sulphate to check smut and bunt which were ruining the 
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cereal crops. In 1807 Prévost found that the growth of 
spores of bunt could be prevented by very small amounts of 
copper: “‘even the amount which would be dissolved from 
a copper vessel by the water standing in it was sufficient’. 
He further demonstrated that a copper sulphate solution 
containing only 1 part of copper in 4 million parts of water 
poisoned these spores. Out of this observation developed 
the general practice of steeping cereal grains in copper 
sulphate solution. Sometimes the treatment was followed 
by the addition of lime in order to dry the grain. (It may be 
noted that this knowledge of the fungicidal power of copper 
sulphate was not exploited to stop the ravages of Potato 
Blight in the 1840s.) 

A classic advance was made in 1885 when Millardet 
discovered that Bordeaux mixture was a cure for a fungus 
disease of the vine called Downy Mildew. This was the 
result of a lucky accident. He had spattered his vines with 
this mixture to deter people from ‘scrumping’ his grapes, 
and found that it checked the depredations of the fungus as 
well as those of human beings! Today Bordeaux mixture 
usually consists of about 1 °% copper sulphate and 1 °%% quick- 
lime, though a somewhat stronger mixture is usually used 
for vine mildew. (A convenient formula is 10 lb. of copper 
sulphate and 12 lb. hydrated lime added to 100 gallons of 
water. For the gardener, the equivalent formula reads 3 oz. 
copper sulphate and 4 oz. lime in 2 gallons of water; if you 
prefer to measure these materials with a tablespoon, the 
measures should be about 2 and 3 tablespoonfuls respec- 
tively.) Bordeaux mixture is used against scores of fungus 
diseases, including Potato Blight. 

Other well-established copper fungicides are Burgundy 
mixture (a mixture of copper sulphate and sodium car- 
bonate); and Cheshunt compound, which is used in glass- 
houses and for seedlings, and which is made from copper 
sulphate and ammonium carbonate. 

Another metallic ion which is very powerfully fungicidal 
is that of mercury. Organic mercury compounds are 
commonly used for seed dressing. Various mercury prepara- 
tions are now favoured by some people for controlling such 
diseases as Apple Scab, which is caused by the fungus 
Venturia inaequalis. In particular, 24°¢4 phenyl mercury 
acetate is considered to be very promising for this purpose, 
and this is applied as a spray containing about 0:003 % of 
mercury. This mercury fungicide is not just a preventive; 
it has a definite curative effect, as have copper oxychloride 
and some carbamates. It gives a measure of control at least 
equal to that of lime sulphur. Its one drawback is the fact 
that it is washed off by rain and dew, so it does not afford 
such lasting protection as copper oxychloride. 

The antibiotics are being tested on grand scale against 


actidione, musarin, alternaric acid, subtilin, endomycin, 
helixin, fungocin, toximycin, Antibiotic xG and griseofulvin. 

One report by Anderson and Gottlieb of the University 
of Illinois says that none of these antibiotics shows promise 
for general use as a fungicide, though each of them might 
find limited and specialised application. Streptomycin and 
penicillin have been used successfully against a few plant 
diseases, including certain bacterial diseases; for example, 
crown gall and the necrosis of giant cacti; these two 
antibiotics might be useful for seed treatment to prevent 
certain pathogenic fungi from growing. 

Gliotoxin is supposed to play a part in determining the 
balance of the micro-flora in soils; this compound has not 
yet been isolated from any soil sample though the fungus 
which produces it (Gliocladium fimbriatum) commonly 
occurs in the soil. Glhiotoxin is effective when applied as a 
seed dressing, though it is inferior all round to organic 
mercury compounds for this purpose. 

Antimycin is effective against Apple Scab and Apple 
Blight. Actidione seems to be promising against some 
specific diseases, but its toxicity to some crop plants 
militates against its general use. This compound could be 
marketed quite cheaply, being obtained as a by-product of 
streptomycin fermentation. 

There has recently been a good deal of talk about sys- 
temic fungicides which can act against fungi in the same 
kind of way as systemic insecticides work against insects. 
Here work has concentrated on certain chlorinated 
8-naphthols and naphthoxy-aliphatic carboxylic acids. 
The results look encouraging; for example, 3 :4-dichloro- 
naphth-oxyacetic acid thoroughly upsets the growth of 
certain fungi at a concentration of 6 parts per million. 
(Curiously this type of compound is more effective as a 
systemic fungicide than are some other chemicals which 
proved more potent than this acid in a series of in vitro tests.) 

The last fifteen years has brought widespread recognition 
of the great potentialities of industrial mycology. As a 
result mycologists in general are beginning to be properly 
appreciated, and it is to be hoped that this will lead to a 
new burst of research activity in the agricultural mycology 
field comparable to that which took place in the 19th 
century. This time the research effort should be not mainly 
a botanical effort, but a combined operation in which 
geneticists and biochemists should be deployed alongside 
the mycologists. A research project of that type should 
yield results of fundamental importance, results that could 
inspire plant breeders to tackle from new angles the ques- 
tion of breeding for disease resistance, while the biochem- 
ists could unravel some of the threads involved in the 
complex pattern of host/parasite relationships and figure 


fungus diseases. Those that have been tried include out some rational basis for fungicide research and the 
gliotoxin, penicillin, streptomycin, viridin, antimycin, chemotherapy proper to plant diseases. 
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An account of copper fungicides (giving recipes for the various 
types of mixtures in common use) is available in Copper Compounds 
in Agriculture, published by The Copper Development Association, 
Kendals Hall, Radlett, Herts. This book contains a useful biblio- 
graphy. 

A book about fungus diseases which can be highly recommended 
to the general reader as well as to the student is E. C. Large’s The 
Advance of the Fungi (1940). 
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THE EELWORM AND THE POTATO 


DR. CONRAD ELLENBY 


Many people consider the potato-root eelworm to be the 
most important pest of the potato: it is certainly true that it 
is the one about which, at the moment, least can be done. 
All our domestic potatoes are susceptible to the pest and 
so, in order to find potatoes that will resist its attacks, we 
must turn again to the original home of the potato—to 
S. America. The need is urgent, for the pest is very 
prevalent in potato-growing areas in Europe, and it has 
recently turned up in the United States. Just how big a 
menace it is you can appreciate from one estimate that 
puts the damage it causes in Britain alone at £2 million 
a year. Clearly potatoes-versus-eelworms is a battle of 
considerable economic importance. Let us first consider 
the eelworm and its natural history. 

Soil that is infested with eelworms contains large 
numbers of tiny chestnut-brown bodies (called cysts), 
each smaller than a pinhead, which can be separated from 
dried soil by shaking it up with water. 

The mature cysts contain hundreds of eggs, each of 
which contains a microscopic worm which is neatly coiled 
—the eelworm larva. So the eelworm cyst is a bag of eggs, 
which moreover affords excellent protection to the 
contents—for more than ten years if need be. 

In the normal course of events, although some larvae 
will hatch and emerge from the cysts spontaneously, the 
majority will hatch only after potatoes have been planted 
in the soil. In the presence of practically all other crops 
they will remain quiescent in the soil; the only exceptions 
are tomatoes and one or two weeds belonging to the same 
family. 

The larvae are stimulated to hatch by a substance given 
off by the roots of the potato plant. It is because the roots 
of other plants do not produce the hatching substance, 
and because of the protective nature of the cyst itself, 
that cysts can still survive in the soil and give rise to large 
numbers of larvae even after land has been rested from 
potatoes for more than ten years. 

After hatching, the larvae enter the roots of the potato 
plant. They do not affect the potato tuber directly, but 
as they interfere with the general growth of the plant they 
reduce the crop considerably. When fully grown, the 
male eelworms return to the soil, but the females remain 
behind and their bodies proceed to swell up. They burst 
through the surface layers of the root and protrude, 
though their heads remain embedded in the plant tissues. 
In this position they are fertilised by the males. The body 
of the female then degenerates, and becomes little more than 
a bag full of eggs. Her last act is to convert her body wall 
into a tough container which protects her offspring. These 
then are the cysts with which we started. A fully grown 
plant may have as many as forty thousand of them on its 
roots. The cysts drop off the roots into the soil and remain 
there quietly till the next batch of potatoes is planted. 
They are easily spread, on boots, implements, seed 
potatoes, and in the soil around the roots of transplanted 
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seedlings. As they contain so many eggs the cysts represent 
a considerable source of infection. A cyst one-fiftieth of an 
inch in diameter may contain 500 eggs—I have seen one 
containing nearly 1000 eggs. 

By practising a proper crop rotation, the increase in the 
eelworm population each time potatoes are grown could 
be balanced by the natural death of the eelworms. But 
Starting even from one single cyst it is clear that a large 
population can be built up very quickly if potatoes are 
grown on the same ground year after year. Unfortunately 
in the past, this repeated cropping is exactly what has been 
done on Jand particularly suited to potatoes. Under these 
conditions the land may become potato sick, and it is then 
useless even to attempt to grow potatoes, because the 
yield may be less than the potato seed planted. 

When still in the cysts the larvae are very well protected. 
Even so, they can be killed by any one of a hundred or so 
chemical substances—if you can reach them with the 
worm-killer. But on farms the problem is immense, 
because some cysts are deeply buried and so the total 
volume of soil to be dealt with is enormous. 


THE EELWORM-HATCHING FACTOR 


I mentioned earlier that potato roots give off a substance 
which stimulates eelworm larvae to hatch, which suggests 
another technique for attacking the larvae. In the first 
place we might be able to mask the presence of the stimu- 
lating substance; alternatively, we might attempt to 
produce the stimulating substance or a related compound 
and apply it to the soil and so awaken the larvae in the 
absence of the potato plant. Although it is true that the 
larvae can live in the soil for months, they do eventually 
die in the absence of potato plants. Also, they are more 
vulnerable to chemical attack when they have hatched 
out of the cyst. Both these lines of attack are being tried. 
My own experiments have shown that a minute amount 
of mustard oil, applied to the potato drill at the time of 
planting, will mask the eelworm-hatching factor and 
enables the plants to grow without some of the eelworms 
knowing about it, so to speak. 

A great deal of work is being done on the eelworm- 
hatching factor by Professor A. R. Todd and his col- 
leagues at Cambridge. In their early work thousands of 
tomato plants were grown in one season and liberally 
watered. From the water that had run through the pots 
they isolated a substance which stimulates eelworm larvae 
to hatch even at the low concentration of one part 
in 100 million. This Cambridge work is now proceeding 
on an even larger scale. The chemical composition of the 
substance is already known with fair certainty, and 
synthetic substances have been produced which, although 
not as active as the natural substance, are nevertheless 
quite promising in this direction. 

So much for the eelworm side. Now about the potatoes 
themselves. I have said enough about the general nature 
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of the problem to show how valuable a resistant potato 
would be. The resistance factor or factors must be sought 
among the S. American potatoes. Severai countries have 
sent expeditions to S. America to collect potatoes. There 
was a British expedition in 1939 under the leadership of 
Dr. E. K. Balls, with Dr. J. G. Hawkes as the botanical 
expert. The collection of over 1000 forms which they 
brought back forms the basis of the Commonwealth 
Potato Collection. 

All the specimens in this collection are members of the 
potato genus and all form tubers; but they differ among 
themselves sufficiently to fall into over 60 distinct species, 
and within each species the various forms differ among 
themselves at least as much as our own potato varieties. 

I first became interested in the potato eelworm problem 
during the early days of the war, and one of the things I did 
was to start testing the S. American potato collection for 
eelworm resistance. The tests themselves are fairly simple 
to make. Each year I grew plants in pots of infected soil 
from an allotment at Newcastle, and at the end of the 
season examined their roots for eelworm cysts. In the 
sixth year, after I had tested 700 different types, I found a 
single one that was apparently resistant. The seventh year 
was lucky, for among the 300 I tested I found another 5. 
I have now practically completed testing the collection, 
but without further success, so 6 resistant forms is all 
that I found out of some 1200. 

The first resistant form belongs to a wild species that 
cannot, however, be crossed directly with the domestic 
potato, because the domestic potato has 48 chromosomes, 
whereas the resistant form has only 24. Fortunately, 
however, four out of the five I found in the seventh 
year belong to a species that will cross with the domestic 
potato; they have the same number of chromosomes. 
These are, in fact, so close to our domestic potato that 
they are regarded as sub-species of the species to which the 
domestic potato belongs. 

Now, although these results were confirmed in sub- 
Sequent years and were encouraging, at that stage one 
could say very little beyond the fact that the plants were 
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FIG. 5. Eelworm damage _ to 
potatoes. The patch in the fore- 
ground has been affected by this 
pest. (Photograph by Prof. H. W 
Miles, Wye College.) 


apparently resistant. Buta plant may only have a few cysts 
on its roots for a variety of reasons. For example, the plant 
may be so feeble that no self-respecting eelworm would 
look at it. Of course, this was not the case with ours 
because naturally I took account of the apparent vigour 
of the plants when assessing their promise. But there are 
many factors that could be operating and about which 
we know nothing, so it was important not to get too 
enthusiastic at that stage. 

In 1951 Dr. K. S. Dodds of the Potato Genetics Station 
which houses the potato collection sent some seeds of 
certain of these apparently resistant forms to a Dutch 
plant breeder, Dr. H. J. Toxopeus. Dr. Toxopeus planted 
the seed, and then proceeded to propagate each seedling 
he obtained by cuttings. So, from each seed he got a 
number of plants all of which had the same genetical 
constitution. 

When all these plants were subjected to attack by the 
eelworm, it was found that the plants fell into two quite 
different and clear-cut categories. Either the plants had 
as many cysts on their roots as ordinary potatoes, or they 
were markedly free. Moreover all plants raised from 
cuttings of the same seedling gave the same result. They 
were either all attacked strongly or they all remained more 
or less free. These results, therefore, provided very strong 
evidence that the resistance was inherited. 

There is every reason to be cautious at this stage. Even 
if we have found true resistance in certain forms we are 
still a long way from having a resistant domestic potato, 
but at least we can start on the journey, which is being done 
with great vigour in this country at the places I have just 
mentioned and also at Wageningen in Holland. 

To say that victory against the potato eelworm is in 
sight is premature, since, from what I have said, you will 
appreciate that the battle of the resistance is really no 
more than joined. We have also to consider the enemy, 
the eelworm itself, which may well have a trick or two 
concealed up its sleeve. However, one would scarcely be 
human if one weren't just a little excited about the 
possibilities. 
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The 3500 h.p. gas tubine developed by PAMETRADA is a research 


tool. The photograph shows the low-pressure compressor during assembly. 


PAMETRADA’S WORK ON MARINE 
GAS TURBINES 


Gas turbines for ships present problems which are quite 
different from those developed for use in aircraft. In the 
past, marine engines have usually remained in service 
throughout the lifetime of the ship, with occasional 
renewals of small parts. In designing marine gas turbines 
it is therefore necessary to provide for a life of at least 
100,000 hours at full power, corresponding to rather more 
than twenty years’ service. Throughout this long period, 
absolute reliability is essential. On the other hand, the 
normal life of gas turbine engines for the propulsion of 
aircraft does not much exceed 1000 hours. Whereas the 
aircraft gas turbine uses high-grade fuel, a marine gas 
turbine must be able to use a cheap fuel which is available 
at all refuelling ports. There are therefore many differ- 
ences between the aircraft gas turbine and the marine gas 
turbine. 

Gas turbines offer several advantages over other forms 
of marine propulsion. The engines can be considerably 
lighter than steam turbine installations; they have greater 
efficiency than steam plants, and provided they can burn 
fuel of the same grade the fuel bill should be less. Gas 
turbine machinery can reach full power output in a matter 
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of minutes, in contrast to steam turbine machinery, with 
which raising steam may take an hour or more. 

Among the first gas turbines designed for use in a 
merchant ship, and to drive the propeller directly, is a 
3500 shaft horse-power unit developed by the Parsons 
and Marine Engineering Turbine Research and Develop- 
ment Association. This unit has been installed at the 
Pametrada Research Station, Wallsend-on-Tyne, a hy- 
draulic brake being used to absorb and measure the 
power which would normally drive a ship’s propeller. 
Last year it was subjected to a continuous 100-hour test 
at full power. At the end of this period it was opened up 
and inspected by Lloyds, who produced a very satisfactory 
report. 

The development of the Pametrada gas turbine has now 
reached a point where, with minor modifications, the unit 
could be regarded as a working proposition for a merchant 
ship. It is considered, however, that this engine is far too 
valuable as a research tool to send it to sea. Moreover, so 
much has been learnt from its development and operation 
that future designs could be considerably improved. 

Pametrada’s aim is to convince the shipping industry 

















FIG. 2. The turbine and heat exchanger of the 3500 h.p. marine gas turbine during erection. 
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FIG. 3. (Left). The turbine driving high-speedbrake FIG. 4. (Right). The combustion chamber 
liner, showing radiation shield. 
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FIG. 5. Rotor of experimental 
high-temperature steam turbine, 
another PAMETRADA project, 
which goes by the name of 
PAMELA. 


that gas turbines are economically attractive. It has 
already demonstrated that the 3500 h.p. unit has a lower 
fuel consumption than that of comparable steam turbines, 
but the 100 hours test was conducted on distillate fuels. 
To be competitive with diesels, marine gas turbines must 
also be able to run on residual oils. There is no difficulty 
in burning these oils, but considerable problems are 
presented by the products of combustion. Nearly all 
residual oils contain impurities which are incombustible. 
These impurities are left in the gas stream in the form of 
small particles, which are apt to be sticky and tend to 
stick to the turbine blades and block the passages between 
them. A still more serious problem is presented by the 
presence of vanadium pentoxide, which is highly corrosive 
when molten, and which will attack all commercially 
available metals and heat-resisting alloys. 

The corrosion and fouling problems are at present the 
most critical obstacles to the commerical development of 
marine gas turbines. Pametrada and other research 
Organisations are therefore devoting considerable attention 
to their solution. The main line of attack is the addition 
of compounds to the fuel, or to the gas stream at the 
combustion chamber, that have the effect of rendering the 
ash non-sticking and non-corrosive. A certain amount 
of success has been achieved with additives (basic metal 
oxides) which reduce corrosion considerably but have 
not so far prevented fouling of the blades. 

The 3500 h.p. marine gas turbine was designed for a 
maximum temperature of 1200 F. Higher temperatures 
mean increased efficiency and a small size of engine for a 
given power, but their use depends on the availability of 
materials possessing the required properties for long-life 
application. If temperatures of 1800 F and upwards are 
employed, some form of cooling appears to be essential. 

Pametrada are engaged in the development of an 
experimental single-stage gas turbine for high-temperature 
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operation. A turbine consists of alternate rows of fixed 
and moving blades, the latter being highly stressed on 
account of their rotary motion. It is proposed to cool the 
moving blades and rotors. The fixed blades will be made 
of refractory material and much progress has been made 
in the development of suitable materials and manufacturing 


methods. Refractories are available which can withstand 
extremely high temperatures without loss of strength, 
but they have the disadvantage of being susceptible to 
sudden changes of temperature. Blades constructed of 
refractory materials are being tested at Pametrada, one 
of the primary objectives being to study their resistance to 
thermal shock. Much thought has also been given to the 
best method of lining the turbine entry duct with refractory 
material. Various types of plastic refractories are being 
tested under working conditions. 

A new combustion system has been evolved for use with 
the proposed high-temperature gas turbine. It consists of 
four flame tubes exhausting into a common mixing space, 
the object being to obtain a uniform exhaust temperature 
distribution without having to match the sprayers accur- 
ately. It may even be feasible in service to shut off one or 
more flame tubes at part load or in order to change a 
faulty sprayer. An aerodynamic model of this chamber 
has been built and has been tested for mixing and pressure- 
loss. 

The achievement of higher turbine inlet temperatures 
gives promise of efficiencies even greater than those of 
diesel engines. If such efficiencies can be realised and 
heavy oil can be burned, the prospects for marine gas 
turbines should be extremely favourable. 
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Night Sky in January 

The Moon.—New moon occurs on Jan. 
Sd 02h 21m, U.T. and full moonon Jan. 19d 
O2h 37m. The following conjunctions 
with the moon take place: 


January 
16d 0th Jupiter in con- 

junction with 

the moon Jupiter 4 S. 
27d 13h Saturn ,, Saturn 8 N, 
28d 1Sh Mars - Mars 6° N. 


In addition to these conjunctions with 
the moon, Mars is in conjunction with 
Saturn on Jan. 2d 21h, Mars being 
ra a 

The Planets.—Mercury is a morning 
star during the first two weeks in January 
but is too near the sun for observation, 
and on Jan. 14 is in superior conjunction 
after which it becomes an evening star. 
On Jan. 31 it sets at 17h 40m, nearly an 
hour after sunset, but owing to its large S. 
declination it will not be a conspicuous 
object. Venus is a morning star but Is too 
close to the sun for good observation and 


on Jan. 30 is in superior conjunction. 
Mars, a morning star, rises at 2h 50m, 
2h 40m and 2h 25m on Jan. 1, 15 and 31, 


respectively, and during the month it 
moves from S. of ~ Virginis to S. of > 
Librae, stellar magnitude 1°6 to 1:2. 
Jupiter sets in the morning at 6h 35m, 5h 
30m and 4h 20m on Jan. 1, 15 and 31, 
respectively, stellar magnitude 2:3 to 

2-1. It moves westward in the con- 
stellation of Taurus away from the direc- 
tion of = Tauri. Saturn rises in the early 
morning hours at 2h 45m, th 55m and 
Oh 55m on Jan. 1, 15 and 31, respectively, 
and is visible a little N. of x Librae, stellar 
magnitude 0-8 to 0-7. On Jan. 2 the earth 
reaches perihelion, that is, its nearest 
distance from the sun, which is just under 
91} million miles. 

On Jan. 5 there will be an annular 
eclipse of the sun, but as it ts invisible at 
Greenwich it will have little interest for 
people in the British Isles. More inter- 
esting is a total eclipse of the moon on 
Jan. 18-19, and the following information 
is supplied for those who are anxious to 
observe this phenomenon which, however, 
continues into the early morning hours. 


d h m 
Moon enters penumbra Jan. 18 23 39-6 
Moon enters umbra 19 00 50-0 
Total eclipse begins 19 O02 16°6 
Middle of the eclipse 19 Q2 31°8 
Total eclipse ends 19 O02 46°9 
Moon leaves umbra 19 04 13-5 
Moon leaves penumbra 19 OS 24:1 


In the early part of the eclipse the 
moon is almost exactly 240,000 miles from 
the earth, this distance being reckoned 
from the centres of each body. 


Wright Brothers Jubilee Exhibition 

A special exhibition commemorating the 
SOth anniversary of the first successful 
flight by the Wright aeroplane in 1903 was 


opened at the Science Museum in Decem- 
ber. Models, books, aeronautical relics 
and diagrams are displayed illustrating 
early contemporary thoughts and ideas 
on powered flight by a man-carrying 
machine; and how this was ultimately 
achieved by Wilbur and Orville Wright 
on December 17, 1903. A _ series of 
sixteen large, and in some cases dramatic 
photographs emphasises the many haz- 
ards faced by the early aeronautical 
pioneer. The exhibition remains open for 
approximately three months. 


New Foreign Pest 


A beetle taken from an American airliner 
at Prestwick (Ayrshire) airport, in the 
third week of August, was submitted by 
the local police to the Zoology Depart- 
ment of the West of Scotland Agricultural 
College, where it was identified as a 
Japanese Beetle (Popillia japonica). The 
information was duly forwarded by the 
Head of the Department, Dr. Stewart 
MacLagan, to the Scottish Department of 
Agriculture, and precautionary measures 
are in hand, lest this or any other danger- 
ous foreign pest gain entry through 
British airports. 

The Japanese Beetle is a serious pest in 
the eastern states of U.S.A., where it feeds 
on a wide range of plants—both economic 
and ornamental. Hence it is of greater 
potential danger than the more publicised 
Colorado species, which is restricted to 
Solanaceae. This ts the first official record 
of the Japanese Beetle having reached 
these shores, and it provides an instance 
of the ease with which pests may be unsus- 
pectingly distributed in this age of fast 
transport. The beetle (P. japonica) 


belongs to the family of Chafers; and to the 


layman is almost indistinguishable from 
the common Garden Chafer (P. horticola) 
—sometimes called the Bracken Clock. 


The Word ‘Petrol’ 


In the November 1953 issue (p. 338) we 
reproduced the cover of an old catalogue 
issued by Carless, Capel and Leonard, and 
in the caption we stated that the word 
‘petrol’ was coined by W. J. Leonard. 

We have received a letter from St. John 
C. Nixon, the well-known motoring 
writer, who believes that ‘petrol’ has a 
different origin. He says that ‘petrol’ was 
“mentioned in a letter written by Eugen 
Langen (of Otto and Langen, gas-engin- 
eers of Deutz, of whom Gottlieb Daimler 
was the first Technical Director) dated 
September 28th, 1876, addressed to Adolf 
Schmidt of Liége when the former sent 
the latter a sketch of his surface carbur- 
etter, a photograph of which is in my 
possession with the word Petrol clearly 
shown thereon.” 


Lectures on Atomic Energy 


The extra-mural department of London 
University have collaborated with the 
Atomic Scientists’ Association in organis- 
ing a series of six lectures on Atomic 
Energy. 

The first lecture in this series is being 
delivered by Sir JOHN COCKCROFT on 
January 20. He will be followed by PRor. 
QO. R. FRISCH, Pror. F. E. Simon, Dr. J. 
F. Loutit, Dr. E. E. PocHin and Pror. 
KATHLEEN LONSDALE. The admission fee 
for the whole course is 10s., and for single 
lectures, 2s. Applications should be 
addressed to: The Cashier, University of 
London, Senate House, Malet Street, 





The Japanese Beetle (Popillia japonica), with a threepenny bit 


as background. 
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The beetle’s body is about half an inch long. 
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W.C.1, and marked ‘Extension Courses’ 
on the cover; cheques, etc., should be 
made payable to the University of London. 
Tickets may also be obtained at the lecture 
room on the occasion of each lecture. 

= - oo 


Another important course of extension 
lectures in London, dealing with Plant 
Breeding, starts on Jan. 1. 


Appointments 


The new superintendent of the N.P.L.’s 
Metrology Division is DR. H. BARRELL. He 
succeeds MR. F. H. ROLT, who had held this 
appointment since 1946; an expert on 
engineering metrology and author of the 
2-volume standard work entitled Gauges 
and Fine Measurements, Mr. Rolt had 
been associated with the National Physical 
Laboratory for 31 years. 

Dr. Barrell was educated at the Royal 
Grammar School, High Wycombe, and 
the Royal College of Science. He joined 
the N.P.L. in 1923 and became associ- 
ated with Mr. J. E. Sears (metrology 
superintendent until 1946) in determina- 
tion of the metre and the yard in terms of 
wavelengths of light, and of the refractive 
index and dispersion of air. In recent 
years he has had charge of research 
work in the Division into optical and 
microwave interferometry directed to- 
wards improving the precision of length 
measurements. 

In August 1948 Discovery published 
an article by Dr. Barrell (‘“‘Wavelengths 
Instead of Yards: Light Waves as Units 
of Linear Measurement’’) in which he 
described the technique of measuring a 
length in terms of light waves, such as 
cadmium red waves or the radiation from 
the isotope of mercury (mercury 198) 
produced by bombardment of gold in an 
atomic pile. The precision possible by 
this technique means an accuracy of the 
order of 1 part in 100 millions. It would 
thus be possible to re-create the Standard 
Yard or Standard Metre with great 
accuracy in the event of either unit being 
damaged or destroyed. 

Dr. Barrell is a member of the Comite 
Consultatif pour la Définition du Métre, 
one of the advisory committees of the 
Comité International des Poids et Mesures. 

ok * * 
Mr. David N. Lowe, secretary of the 
British Association since 1946, has been 
appointed to succeed Mr. James Wilkie 
as secretary of the Carnegie United 
Kingdom Trust. He will leave Burlington 
House next March. 

Mr. Lowe joined the B.A. in 1935 
as assistant secretary. During the war he 
served in the Cabinet Secretariat as 
secretary of various ministerial committees 
controlling the priority and allocation of 


materials. For this war work he was 
awarded an O.B.E. in 1946, 
* 4: * 
Mr. H. C. Pritchard, recently chief 


Superintendent of the Long Range 
Weapons Establishment in Australia, and 
formerly head of the Instrument and 
Air Photography Department of the 
Royal Aircraft Establishment, has been 
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Mr. D. 


N. LOWE 


appointed deputy general manager in 
charge of science in the firm of Elliott 
Brothers (London), Ltd. 


* * * 


Dr. P. H. Gregory, the mycologist of 
Rothamsted Experimental Station, suc- 
ceeds Prof. W. Brown as botany pro- 
fessor at Imperial College of Science and 
Technology, S. Kensington. 


Royal Society of Medallists 


The following awards of medals were 
made last month by the Royal Society: 
The Copley Medal to Professor A. J. 
Kluyver, For.Mem.R.S., for his distin- 
guished contributions of a fundamental 
character to the science of microbiology. 
The Davy Medal to Sir John Lennard- 
Jones, K.B.E., F.R.S., for his distin- 
guished work on the applications of 
quantum mechanics to the theory of 
valency and to the analysis of the intimate 
structure of chemical compounds. 


The Hughes Medal to Sir Edward 
Bullard, F.R.S., for his important con- 
tributions to the development, both 


theoretical and experimental, of the physics 
of the Earth. 


B.C.G. Vaccination of School Children 
Local health authorities in England and 
Wales have been informed by the Minister 
of Health, that he is prepared to approve 
schemes for giving B.C.G. vaccination to 
children before they leave school. 

Since 1949, when official permission for 
its use in this country was first given, 
B.C.G. vaccination has been offered to 
nurses and medical staff in hospitals and 
to the close home contacts of tuberculosis 
cases. 

It will be for local health authorities 
themselves to decide whether they wish 
to undertake the vaccination of school 
children. Where it is done it will be 
offered, in co-operation with the educa- 
tion authority, to children of thirteen 
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years of age: consent of parents will always 
be first obtained. 

The Medical Research Council has 
already undertaken extensive controlled 
trials among school leavers. The results, 
it is hoped, will assess the protective value 
of B.C.G. as a means of mass immunisa- 
tion of persons in ordinary average con- 
ditions of life. The results of these trials 
will, however, not be known until the 
subsequent history of the children con- 
cerned has been followed for about three 
years. 


The Piltdown Fraud 


Piltdown Man has long been an enigma, 
though no one ever expected it to win the 
Status of a national joke as happened when 
the Natural History Museum published 
the report entitled “The Solution of the 
Piltdown Problem” in its bulletin, Bu/letin 
of the British Museum (Natural History) 
Geology, 1953, Vol. 2, No. 3. This report 
(by Dr. J. S. Weiner, Dr. K. P. Oakley 
and Prof. W. E. Le Gros Clark) confirms 
the view of those anatomists who, in the 
words of A. C. Haddon, believe that the 
Piltdown jaw is “the jaw of an unknown 
ape’. 

A fragment of the Piltdown skull was 
discovered in 1911 by Mr. C. Dawson, a 
lawyer who was an amateur palaeontolo- 
gist, in a shallow gravel-pit at Piltdown in 
Sussex. In 1912 Dawson and Dr. Arthur 
Smith Woodward unearthed the lower 
jaw and various other fragments, and in 
the following year Pére Teilhard de 
Chardin found a canine tooth of the same 
Skeleton. The full description of these 
remains was given by Smith Woodward 
in 1913 (Quarierly Journal of the Geologi- 
cal Society, Vol. 69, 1913, p. 124). The 
fossil creature synthesised from these 
various bones was named Evanthropus 
dawsoni in honour of Mr. Dawson. Quite 
a few scientists had their doubts about 
this odd assortment of bones; for example, 
Prof. D. Waterston, then professor of 
anatomy in King’s College, London, after 
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Scale model of the Calder Hall atomic power plant in Cumberland. It shows the turbine house in the centre, with its 
attached administrative control and workshop block. On each side are the two reactors, in which heat is generated in 


graphite-moderated uranium piles. 
Fans are provided to circulate the gas. 


The heat is transferred by 


gas to the four vertical boilers seen around each reactor. 
They are situated in the low wings on each side of the reactor. The steam passes 


to the turbine house where it drives four turbo-alternator sets which are similar to those usually employed by British 


Electricity Authority. 


The cooling towers are required to cool the turbine condensers in the normal manner. 


According 


to a statement by the Marquess of Salisbury (who is responsible for Britain's A.E.C.), the production cost of electric 
power from this plant is likely to be a penny a unit. 


superimposing tracings of the radiograms 
of the Piltdown mandible and that of a 
chimpanzee, wrote (Nature, Vol. 92, 1913, 
p. 319): “The similarity of the specimens 
brought out in this way is very striking, 
for the outlines are practically identical. 

The cranial fragments of the Piltdown 
skull, on the other hand, are in practically 
all their details essentially human. If that 
be so it seems to me to be as inconsequent 
to refer the mandible and the cranium to 
the same individual as it would be to arti- 
culate a chimpanzee foot with the bones 
of an essentially human thigh and leg.” 
A similar view was expressed by Mr. G. 
Miller, jun., in the United States, after 
systematic comparison of the casts of the 
Piltdown fossils with the corresponding 
bones of men and apes. 

Anatomists were not happy because the 
skull and jaw did not seem to fit together 
properly. Then doubts began to creep in 
about the age of both the skull and the 
jaw. A thorough re-examination of the 
problem was begun in 1949 when the 


fluorine content of the remains was esti- 
mated by scientists of the Government 
Chemist’s laboratory. Dr. Oakley told 
the British Association meeting in New- 
castle (see Discovery, October 1949, 
p. 329) that the Piltdown bones contained 
little fluorine, and that ‘none of the bones 
attributed to Evanthropus belong to the 
early Pleistocene group, W hich dates back 
about 500,000 years’. 

It was Dr. Weiner, of the Department 
of Anatomy, Oxford University, who first 
suggested that the Piltdown mandible and 
canine tooth are actually those of a 
modern ape (chimpanzee or orang-utan) 
deliberately faked to simulate fossil speci- 
mens. Careful study has proved that this 
thesis is correct. Both the mandible and 
the canine tooth are modern, and E. T. 
Hall, of the Clarendon Laboratory at 
Oxford, has proved that the fragments of 
cranium shown to Smith Woodward in 
the spring of 1912 (before he started 
systematic excavations at the Piltdown 
site) contained chromium. It is now 
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held that these fragments and_ the 
mandible were steeped in a dichromate 
solution “‘as a necessary part of the de- 
liberate matching of the jaw of a modern 


ape with the mineralised cranial frag- 
ments” 
The report in the British Museum 


bulletin makes the following comment: 
‘The perpetration of the hoax appears to 
have been so entirely unscrupulous and 


inexplicable, as to find no parallel in 
the history of palaeontological  dis- 
covery.” 


The story is taken a stage further by the 
letter of Dr. Oakley and Dr. Weiner in 
Nature (December 12, 1952, p. 1110), 
which discredits tools from the Piltdown 
site. According to this, one flint tool was 
evidently dipped in potassium dichromate, 
‘‘whereas a bone might have been dipped 
in a solution of potassium dichromate 
with the sole purpose of trying to harden 
it, a flint would only have been treated in 
that way by a forger requiring it to be ol 
a certain colour”. 
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British Scientists in Russia 


A party of British scientists recently 
visited Russia and were given a reception 
by the president of the U.S.S.R. Academy 
of Sciences, A. N. NESMEYANOV. 

Speeches of welcome were made by the 
Academy’s president, and by academicans 
V. P. Volgin, A. V. Topchiev, T. D. 
Lysenko, D. V. Skobeltsyn, M. M. 
Dubinin and G. F. Alexandrov. Members 
of the British party replied, including 
Prof. J. D. Bernal, Prof. R. Hilton, Dr. H. 
Gordon, Dr. Dorothy Crowfoot-Hodgkin, 
J. Fyfe and J. S. D. Bacon. 

An article by Academician Oparin, no 
doubt inspired by this visit, was published 
in Soviet News (news sheet of the Soviet 
Embassy in London) on November 5. It 
carried the heading ‘“‘Strengthening Friend- 
ship between British and Soviet Scientists”’, 
and declared that “The Soviet people 
study British culture enthusiastically: the 
language, literature, art and science. Here 
is an illustration: In 1951, nine books by 
British scientists were published in the 
Soviet Union. Last year 20 such books 
were published, and in the first five 
months of 1953 14 books by British 
authors on natural sciences and social and 
political sciences were published in the 
Russian language. This is evidence that 
Soviet scientists carefully follow the 
works of British scientists and study 
them.’ He says that in Russia, visiting 
British scientists are listened to with keen 
attention and interest, and “we try to 
adopt everything that is useful in the rich 
British science”’. 

Academician Oparin referred to the 
recent meeting of the World Federation 
of Scientific Workers in Budapest, and 
said that this organisation plays “a big 
role in uniting the scientific forces of the 
world in their struggle for the genuine 
progress of knowledge, for the utilisation 
of science in the interests of mankind”’. 

The article concludes: “‘The recent 
Budapest congress again emphasised the 
exclusive role of science as a major 
weapon for progress, an 
instrument in the struggle for peace. 
Progressive scientists who see their role in 
serving the interests of the people cannot 
agree with assertions that scientific pro- 
gress, even in such fields as medicine, is a 
menace to humanity. They hold that only 
science can improve man’s conditions of 
life, lighten his work and protect his 
health. Herein lies the noble aim of 
science and the sacred duty of its workers. 
Alongside the best representatives of 
British science, we oppose the views of 
scientists who reject all ‘the progressive 
traditions of British science, created 
through the ages.”’ 


Atomic Energy to leave M.O.S. 


The Government issued a White Paper 
Setting out its plans for the atomic energy 
Organisation in November. This docu- 
ment (Cmd. 8986, price 6d.) is entitled 
The Future Organisation of the U.K. 
Atomic Energy Project. 

Its main point is that atomic energy 
development will be transferred to a non- 


important - 
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departmental organisation, the Atomic 
Energy Corporation. This move was 
recommended by the committee (consist- 
ing of Lord Waverley, Sir Wallace Akers 
and Sir John Woods) which was appointed 
in April to devise a plan for transferring 
responsibility for atomic energy from the 
Ministry of Supply, ‘“‘and to work out the 
most suitable form for the new organisa- 
tion, due regard being paid to any 
constitutional and financial implications.” 

The Atomic Energy Corporation will 
take over control of the establishments at 
present controlled by the Atomic Energy 
Research Establishment; by the Produc- 
tion Division; and by the Atomic Weapons 
Research Establishment. M.O.S._ will 
continue to be responsible for the con- 
ventional components of atomic weapons. 

The Lord President of the Council will 
be responsible to Parliament for money 
provided to the Atomic Energy Corpora- 
tion and for the policy directions given to it. 

The chairman of the Board (Sir Edwin 
Plowden) of the Corporation will discharge 
the functions of a General Manager. The 
Board should include four whole-time 
functional directors: one for engineering 
and production; one for weapons; one for 
research and one for administration and 
finance. 


We understand that the headquarters of 


the Atomic Energy Corporation will be 
St. Giles Court, St. Giles High St., London, 
W.C.1. 


Stereoscopic Films 
A reader, Mr. H. Elliman of Belfast, has 
drawn our attention to his paper in The 
Refractionist (Transactions of the Institute 
of Ophthalmic Opticians, Vol. 28, No. 498, 
May 1939). In it there appears a clear 
enunciation of the rule attributed to the 
Spottiswoodes by Denis Segaller in his 
recent article “*The New Film Techniques” 
(Discovery, October 1953). Mr. Elliman’s 
statement, which antedates that of the 
Spottiswoodes by some thirteen years, 
runs as follows: “‘The position of the 
visual object [the ‘“space-image”’ of 
Segaller’s article] always bears a fixed 
ratio with regard to the positions of both 
the observer and the anaglyph, and divides 
the distance between these latter into two 
parts which constantly bear the same ratio 
to one another... . It should now be 
understood why the visual object moves in 
a fixed ratio of its own, and whilst one 
point may move (say) three-fourths of the 
distance moved by the observer, another 
point may only move one-tenth of that 
distance.” 

In the same paper appears another 
aspect of the space-viewing problem: 

“Whilst . . . in binocular vision each eye 
presents two aspects of an object point in 
space, firstly as a direction or position 
with regard to a distai [background] sur- 
face and secondly as a displacement along 
the complementary axis of its fellow, it 
appears that in practice each eye limits 
itself to one or the other of these functions 
and that in fact the division of the process 
may become more or less permanently 
established so that one eye will habitually 
give the direction and the other give the 
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complementary displacement. There is 
some proof of this in the known use of a 
master eye. If a distant point be fixed 
binocularly and a small wire ring be inter- 
cepted in the apparent line of sight it will 
be found that the ring encloses the visual 
object in the line of one eye in preference 
to that of the other, and if the experiment 
be repeated a number of times it will be 
found that in the great majority of cases, 
if not in all cases, this same eye has been 
chosen to indicate the direction of the 
apparent line of sight.” 

Another reader, Mr. R. Lynn of 
Wisbech, has raised this same point. 
He says: *“Mr. Segaller has overlooked a 
very important practical point; that of 
persons being left or right eyed. Admit- 
tedly his diagrams show very clearly the 
‘principle’ of stereoscopic vision but in 
actual life is it not true that people sight 
an object with one eye and rangefind with 
the other? . . . Lining up a pencil or an 
electric light switch, then closing alternate 
eves, will demonstrate.” 


1954 ‘Research’ Essay Competition 

The monthly journal Research, is again 
holding an essay competition designed “‘to 
encourage research workers both in 
academic life and industry to appreciate 
the industrial significance of new discover- 
ies, and to exercise their ability in expres- 
sing their ideas at a policy-forming level” 
Two prizes are offered, one of £100 and 
the other of £50. An additional sum of 
£50 is being offered to the best entry from 
a competitor under 30 years of age. 
The essays, of about 3500 words, must 
reach Research by June 30, 1954. Entrants 
must be engaged on active scientific 
research. Full details can be obtained 
from Research, 88 Kingsway, London, 
Wa..2. 


Smells give Fire Warnings 

The latest (No. 31) annual report on 
safety in mines describes experiments in 
which strong-smelling chemicals have been 
tested as a possible means of giving 
miners early warning of fire. Sealed 
capsules containing the chemicals are 
attached to equipment that might cause a 
fire if it became overheated. When the 
temperature reaches a_ predetermined 
figure the seal on the capsule melts and 
the smell is spread via the ventilating 
current in the mine. Most successful was a 
smell combining the odours of skunk and 
garlic, which was carried for a distance 
of 1} miles. Rather less effective was a 
chemical with a smeli like that of violets, 
which carried about a mile. The report is 
published by H.M.S.O., price 3s. 


Ethnography at the British Museum 


The British Museum has appointed mr. 
ADRIAN DIGBY as keeper of the Ethno- 
graphy Department in succession to Mr. 
H. J. Braunholtz. A specialist in Central 
American archaeology, he is interested in 
various aspects of technology, in particu- 
lar sailing and navigation. He received 
his training in anthropology at Oxford. 
Mr. Digby is well known to television 
viewers. 





OC aO OA Oa A a a a 


JANUARY 1954 DISCOVERY 


i a ee a a ee 


THE BOOKSHELF % 


i a a 


The Facts of Life by C. D. Darlington 
(London, Allen & Unwin, 1953, 467 pp., 
35s.) 

This courageous and satisfying book by 
the world’s most eminent cytologist 
attempts to present a coherent story of 
what heredity means to man. Most 
biologists know very well that our rulers 
neither think nor act biologically. If they 
did the painful Groundnut Scheme would 
have been considered from two points of 
view: what are the genes of the groundnut 
and how do they interact with the environ- 
ment; what sort of environment do the 
genes of the groundnut require to manifest 
themselves in order to pay off? Likewise 
the equally painful Gambia poultry scheme 
and the dismal Bahama tomato scheme 
might have been considered in terms of 
genes and environment, which they were 
not. Most biologists are also aware that 
Our present educational system, even at 
university level, is either singularly reluct- 
ant or incompetent to impart biological 
knowledge at a level and of a kind appro- 
priate to citizenship in a modern atomic 
age. 

Darlington rightly believes that man 
should survey himself and his activities in 
the light of the new knowledge of his 
limitations and possibilities. Man is an 
animal. His mode of sex determination ts 
like that of the fruit fly, and like that 
organism he sometimes produces inter- 
sexes which are cytologically and genetic- 
ally controlled. In other words, man is 
just as much a product of the interaction 
of genes and environment as are fungi, 
plants, insects and mammals. If this 
philosophy were the point of departure 
when administrators plan to monkey 
about with our destinies, our money, and 
our offspring we might in time be able to 
tackle the problems of frustrated mankind 
with some hope of success. 

The main task of the next century ts 
obviously much more a biological than a 
technical one. Man must begin to know 
where he is going, and what kind of life he 
is likely to have thrust upon him. The 
guidance of our destinies is at present en- 
trusted to supposedly educated men who 
are “by no means ashamed of professing 
an ignorance of the discoveries which 
should determine their conduct. They are 
content to use the ideas of life, heredity 
and society which have done service since 
Old Testament times”. 

Here the author implies that without 
the newer knowledge of biology no citizen, 
no administrator and no ruler can be called 
educated. The so-called humanists have 
held, and mostly they still believe, that the 
disciplines of classical and _ historical 
knowledge provide all, or at least most of, 
the guidance necessary for the citizen. 
Biologists have known for a long time that 
this is not so. Many, if not most, contro- 
versial questions of the present time 
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concern the relationships of human beings 
to each other, whether as nations, groups 
or individuals. Without the necessary bio- 
logical orientation, the historian and the 
classicist—in short, the graduates in Arts 
of our universities—just cannot get to first 
base when this kind of subject comes 
under discussion. It is thus logical if 
unpopular to put eminent historians into 
the category of the uninformed and unen- 
lightened. 

In the same way that Wells’ Outline of 
History did not please the professional 
historians, who cavilled at allegedly inac- 
curate details, this book will not please a 
great many professional biologists. It con- 
tains an enormous body of exciting and 
relevant factual knowledge which some- 
how or other must eventually be made to 
ring a bell in the mind of the unspecialised 
general reader. Other books such as 
Scheinfeld’s You and Heredity and a shoal 
of others have tried to do this, but on a 
less ambitious scale. The very fact that 
Darlington is frequently irritating to the 
Euclidean mind in the sense that one 
cannot put a QED after a great many of 
his arguments adds to the value of the 
book more than it detracts from it. Some- 


times One gets the impression that he just 
feels that he is right—he has a hunch, and 


in the past most of Prof. Darlington’s 
scientific hunches have turned out to be 
correct. 

The title of the book is misleading. It 
makes one think of young ladies blushing 
whenever they hear the word pollen men- 
tioned; it suggests prep. schoolmasters 
calling their boys on one side and speaking 
in hushed whispers. It is not that kind of 
book at all. It is in fact a book for those 
who want to be very much adult, and as 
such the reviewer recommends it. 

S. C. HARLAND 


Ants by Derek Wragge Morley (London, 
Collins New Naturalist, 1953; 179 pp., 
18s.) 

The Ant World by Derek Wragge Morley 
(London, Penguin Books, 1953; 191 pp., 
2s.) 

The study of ants has a fascination all its 

own. But like all absorbing fascinations it 

has its dangers. The greatest is the ease 
with which one can fall into anthropo- 
morphic parallels; this Mr. Wragge 

Morley endeavours to eschew, not always 

successfully. 

The diverse ways of life and the diverse 
species of ants, as well as their huge 
numbers point to their success as animals. 
This success seems to stem from the 
plasticity of their basic social organisation; 
this is not to say that Leaf Cutter ants can 
ever become Spinning ants, but the very 
existence of two such different types of 
organisation indicates that the base from 
which this adaptive radiation has sprung 
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must have been very pliable. As Mr. 
Morley says in The Ant World book, close 
anthropomorphic parallels tracing the 
evolution through hunting, agricultural 
and civic stages are very unwise. But that 
there has been a general increase in the 
Organisation and stratification of the 
societies is certainly true. Yet this com- 
plexity seems to be grounded on much less 
rigid relationships than the society of, say, 
the honey bee. The organisation of work 
is One example. Among the workers of a 
bee-hive, age seems to order the task 
which the individual shall do, the succes- 
sion of employment seems to be fixed. 
But among ants the job done is apparently 
the job on hand, a more plastic arrange- 
ment. Again the dances of honey-bees 
are astonishing, but Mr. Morley’s idea of 
excitement centres among ants, though 
not quite so spectacular, is surely a less 
rigid arrangement for the recruitment of 
workers. 

All this in praise of Mr. Morley’s 
second book, which is cheaper but con- 
tains both more pages and more facts. 
The Ant World is an absorbing review of 
very many aspects of the life of ants— 
and indeed it even deals in a short bio- 
graphical chapter with the lives of some 
of the men who have studied them. 

But Ants, which is an introduction to 
the British ants alone, cannot be praised 
so highly. In it Mr. Morley seems to lose 
control and lapses into a rather emotional 
approach, not perhaps as dangerous as 
some objectivists would have us believe, 
but not an approach to be overdone. This 
is a review of British ants, their ways of 
life and some of the experimental work 
done on them. Common names are 
introduced for each species, though 
common names of any antiquity do not 
exist for many. This may be a good thing, 
though one feels that common names 
generally derive from striking and charac- 
teristic features of anatomy, or of living 
place; characters which have to be ob- 
served under a strong hand lens are 
hardly appropriate to the coining of 
common names. It would be better to 
stick to Latin names, especially as even 
the common names for three species 
change in the course of the book. The 
illustrations in this book are excellent, 
and the key is a very useful one. The in- 
troduction of small diagrams of specific 
character into the latter will be a great 
help to people endeavouring to judge 
what are sometimes fine differences be- 
tween species, but it is a pity that pictures 
of individuals of at least the main species 
were not included to aid in the identifi- 
cation. Mr. Moriey deplores the argu- 
ments of specialists who ‘split’ species, and 
it is a relief to see that he is a ‘lumper’ in 
putting Myrmica ruginodis and M. 
laevinodis together as M. rubra, one less 
fine difference to make out. 

Both these books have their uses. One 
thing the author hopes they will do is to 
stimulate more work on ants. This they 
certainly should do, and_ particularly 
should they encourage investigations of 
ant behaviour about which so relatively 
little is known. J. D. CARTHY 

Continued on p. 46 
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LECTURES AND COURSES 





UNIVERSITY OF LONDON 





DEPARTMENT OF 
EXTRA-MURAL STUDIES and 
THE ATOMIC SCIENTISTS’ 
ASSOCIATION 
A Course of Six University Extension 
Lectures on 
ATOMIC ENERGY 


will be held in the Beveridge Hall, Senate 

House, Malet Street, W.C.1., on 

WEDNESDAYS at 7 p.m., commencing 
20th January, 1954. 


SIR JOHN D. COCKCROFT 
Atomic Research at Harwell. 
20 January 


PROFESSOR O. FRISCH 
Atomic Weapons. 
27 January 


PROFESSOR F. SIMON 
Power from Atomic Energy. 
3 February 


DR. J. F. LOUTIT 
Radiation Hazards of Atomic Energy. 
10 February 


DR. E. E. POCHIN 
Medical Uses of Atomic Energy. 
17 February 


PROFESSOR KATHLEEN LONSDALE 
and SIR GEORGE P. THOMSON 
Atomic Energy and Moral Issues. 

24 February 


Fee for course of six lectures, 10/- 
Single Lectures, 2/- 


Further details on application to the 
Deputy Director (Extension), Department 
of Extra-Mural Studies, University of 
London, Senate House, Malet Street, 
London, W.C.1. 





FARADAY HOUSE 
ELECTRICAL ENGINEERING 


66 Southampton Row, London, W.C.1! 


A FOUR-YEAR full-time course, which 
includes practical training with mech- 
anical and electrical engineering firms, for 
the Faraday House Diploma which is 
rh! for Graduate Membership of the 
For particulars apply Dept. E. 
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UNIVERSITY OF LONDON 


DEPARTMENT OF EXTRA-MURAL 
STUDIES 





University Extension Courses of Scientific 
Interest commencing in January include: 
Plant Breeding, Tuesdays, 6.45 p.m., at 
the London School of Hygiene and 
Tropical Medicine, Keppel Street, W.C.1, 
from January 12th. Lecturers: Dr. D. 
Lewis, W. J. C. Lawrence, and P. R. 
Day (members of the staff of the John 
Innes Horticultural Institution). 

British Woodlands (in association with 
the London Natural History Society), 
Wednesdays, 7 p.m., at the Linnean 
Society's Rooms, Burlington House, 
Piccadilly, W.1, from January 20th. 
Lecturers: Professor F. W. Jane, Professor 
L. J. Audus, Asst. Professor H. R. Hewer, 
Dr. J. Ramsbottom, Dr. M. A. P. Madge, 
and H. R. Edlin. 


The Naturalist Looks at Bees, Tuesdays, 
6.45 p.m., at the London School of 
Hygiene and Tropical Medicine, Keppel 
Street, W.C.1, from January 12th. Lec- 
turer: Dr. C. G. Butler. 


Science and Values (Weekend Residential 
Course), at Wansfell Adult College, 
Theydon Bois, Essex, from January 29th to 
31st. Lecturers: Sir Henry Self, Professor 
L. Arnaud Reid, and Dr. M. H. Clifford. 


Further information may be obtained 
from the Deputy Director (Exten- 
sion), Department of Extra-Mural 
Studies, University of London, Senate 
House, Malet Street, London, W.C.1. 





APPOINTMENTS VACANT 





PROCESS WORKER TRAINEES (under 30) 
required by fine chemical manufac- 
turers. Experience in this field although 
not essential is desirable. Good prospects. 
Canteen. Five-day week. Apply quoting 
reference H.1l. to Box No. DI516, 
Aldridge Press Ltd., 15 Charterhouse 
Street, London, E.C.1. 





(tm. PROCESS WORKER required. 
Experience of semi-scale fine chemical 
manufacture desirable. The post will be 
for 2 years in the West London area and 
subsequently at Crawley New Town 
where a house will be available. Canteen. 
Five-day week. Apply quoting reference 
H.2. to Box No. D1517, Aldridge Press Ltd., 
15 Charterhouse Street, London, E.C.1. 





SCIENTISTS, CHEMISTS AND TECHNICIANS 
with a sense of social respon- 
sibility need not work on 
atomic bombs or the race for 
rearmament. 

THIS well-established manufacturing 
business in synthetic resins, high 
polymers, etc., for paints, emul- 
sions, reinforced plastics and 
allied trades, etc. 

AND based on common ownership 
and industrial democracy 

IS ALWAYS on the look out for trained 
men Or women with faith in 
their fellow men and prepared 
to take an active part in the 
pioneering of a self-governing 
industrial enterprise. 

WRITE in confidence to: 

The Managing Director, 
Scott Bader & Co. Limited, 
Wollaston, Northamptonshire. 





Assets over £150,000 





Our officially registered 
Commonwealth Foundation 
guarantees the security and 
well-being of its members. 





[_ ABORATORY TECHNICIAN for investiga- 
tional work on fine chemical manu- 
facture. G.C.E. level in physics and 
chemistry essential. Preference given to 
applicants with previous experience in this 
field. The post will be for 2 years in the 
West London area and subsequently at 
Crawley New Town where a house will be 
available. Apply quoting reference H.3. 
to Box No. DI518, Aldridge Press Ltd., 
15 Charterhouse Street, London, E.C.1. 





FOR SALE 





GRE: LENS CLEANING TISSUE NO. 105 
is the finest Lens cleaning material 
available. Write for sample and price list 
5G/T J. Barcham Green Limited, 
Hyle Mill, Maidstone. 





MISCELLANEOUS 





OOKBINDING, EXPERT WORKMANSHIP, 

prompt delivery at moderate prices. 
Maxsons Bookbinding Co. Ltd., Maxwell 
House, 242 Marylebone Road, London, 
N.W.1. (Tel: AMBassador 3412.) 


Continued on next page 








Just published 


Cowgate, Norwich. 





= 


FLOWER SCHEMES 


by Constance Villiers-Stuart, F.I.L.A. 
Author of Spanish Gardens, Gardens of the Great Mughals, etc. 


32 pp. including 12 natural colour photographs. Obtainable from 
your bookseller or direct from the publishers, Jarrold & Sons Ltd., 
Price 2s. 6d., postage 3d. 


PATENTS, TRADE MARKS AND DESIGNS 





Morley House 
London, E.C.1. 








CHARTERED PATENT AGENTS 


W. H. BECK & CO. 


26-28 Holborn Viaduct 


Telephone: Central 1611 














The Soils of Europe: Illustrated Diagnosis 
and Systematics by Prof. Dr. Walter L. 
Kubiena (Madrid, Consejo Superior de 
Investigaciones Cientificas: London, 
Thomas Murby, 1953, 317 pp., 75s.) 

The naturalist has an excellent system in 
the Linnean System for classifying the 
plants he finds in the field, and there are 
many valuable keys available to help him 
name any that he wants to. But so far he 
has had no corresponding guide to help 
him name the soil in which the plants were 
growing, because the soil scientists them- 
selves were not agreed on any suitable 
classification. 

Prof. Kubiena has written this book 
with the express intention of fulfilling this 
double role—introducing a new system for 
naming soils, and providing keys to help 
the naturalist name those he finds in the 
field. For this purpose he has included 
excellent coloured pictures of profiles of 
over forty common soils, which are 
reproduced from artist’s paintings and not 
colour photos; and it is probably for this 
reason they illustrate so very well the 
salient features which should be noted. 
Although his method of classification ts 
based on the Russian system of Great 
World Groups, he has extended it to 
include many more types of soils, and he 
has improved it by giving a far more 
extensive description of the important 
points that must be noted in the field 
before the soil can be properly named. In 
fact this book will probably in the future 
be found to be a landmark in the field 
study of the soil. 


JANUARY 1954 DISCOVERY 


This book can therefore be whole- 
heartedly recommended to anyone anxious 
to classify their soils accurately. Unfor- 
tunately, it is marred by being rather 
badly translated from German into 
English, and in places the sense will be 
misunderstood by persons unfamiliar 
with the German language. 

E. W. RUSSELL 
An Introduction to Chemical Engineering 

by T. K. Ross (London, Pitman, 1953, 

214 pp., 21s.) 

The slow growth of 
engineering is reflected in the 
textbooks by native authors. This book 
arises from the experiences of Mr. Ross 
in lecturing, mainly to evening students at 
the South-West Essex Technical College 
and West Ham College of Technology. 
This is the kind of work which requires 
and often gets the best type of enthusiast 
who realises the hard job all part-time 
students have. Mr. Ross meets them with 
a pragmatic approach: “In the practice of 
his profession the chemical engineer is 
called upon to execute the visions of the 
chemist, often employing methods that 
mathematicians would not own, in order 
to solve problems that more orthodox 
engineers would not attempt. 

The kind of students this book aims at 
is expected to be already trained to degree 
level in physical chemistry. It gives the 
briefest of introductions to fluid fiow and 
heat transfer before dealing with unit 
operations, these being those physical 
processes such as distillation, filtration, 


British chemical 


lack of 


drying, etc., which really make up chemical 
processes industrially. The mechanical 
features of plant design are excluded. 
Within its scope, this book should prove 
most useful to the many chemical engin- 
eering students who are needed to supple- 
ment the inadequate numbers of chemical 
engineers coming from full-time university 
courses. F. E. W. 


The Chemical Industry by 
Williams (Harmondsworth, 
Books, 1953, 192 pp., 2s.) 

To the lay public the chemical industry is 

somewhat mysterious because its end- 

products are unfamiliar; like an iceberg, 
nine-tenths of its bulk is unseen and what 
lies on the surface to view in the shape of 
detergents, garden-sprays or plastics is 
outweighed by a bulk of other unseen 
products. The great tonnages of indus- 
trial acids and alkalies are used up inside 
the industry for fertilisers, dyestuffs, soap 
and explosives. Dr. Williams shows the 
dependence of our modern civilisation on 
chemicals in the most convincing way. 
Nearly half the book traces the historical 
development of the industry and shows 
how it shared with mechanical power in 
providing the driving force of the Indus- 
trial Revolution. Today, as the industry 
with the greatest rate of change, highest 
investment per worker and greatest pro- 
portion of scientific employees, it is 
worth study to see what makes it tick. 
This book is a good one for the intelligent 
but non-specialist person to start on. 
F. E. W. 


Trevor I, 
Penguin 
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OFFICIAL APPOINTMENTS 
ROYAL AIR FORCE 


Commissions in the Education Branch 





1. Applications are invited from gradu- 
ates and other qualified teachers with 
appropriate experience for Short Service 
Commissions (three, four or five years) in 
the Education Branch of the Royal Air 
Force. Requirements are mainly for 
graduates in Mathematics, Physics or 
Engineering, or for holders of the Higher 
National Certificate in Engineering, but 
there are also vacancies for graduates in 
English, History and Geography. Gradu- 
ates with First or Second Class Honours 
degrees in Science or Engineering subjects 
may exceptionally be considered for direct 
appointment to Permanent Commissions. 
Short Service officers may apply during 
their service for Permanent Commissions, 
or for the extension of their Commissions. 

Basic rate of pay to squadron-leader 
rank is £319 to £894, plus marriage allow- 
ance £338 for officers aged 25 and above 
(a lower rate of allowance is payable to 
married officers under 25). Starting point 
on the scale is determined by academic 
qualifications, experience and war service 
in the Armed Forces. Promotion to 
squadron-leader is by time after satisfac- 
tory service and to higher rank by selec- 





tion. All officers receive either rations in 
kind or a tax-free allowance in lieu; single 
officers receive free furnished accommo- 
dation. 

3. Service in the Royal Air Force 
Education Branch offers a wide variety of 
teaching experience, from elementary to 
advanced levels, with the opportunity for 
service Overseas. Permanent officers are 
eligible for selection for the Royal Air 
Force Staff College and for certain post- 
graduate courses of study related to the 
service duties. 

4. Permanent officers qualify for retired 

pay based on rank and length of service 
td x. £500 per annum for squadron- leader, 
£675 for wing-commander, etc.) plus a 
terminal grant of £1,000. Short Service 
officers qualify for gratuity at the rate of 
£100 for each year of service on the Active 
List. Service on a Short Service Commis- 
sion in the Education Branch may be 
treated as contributory service under the 
Teachers’ (Superannuation) Acts and 
reckoned for increments on the Burnham 
scale. 

5. Women’s Royal Air Force also has 

vacancies for Permanent and _ Short 
Service Education officers. Conditions of 
service are similar to those for Royal Air 
Force Education officers but rates of pay, 
retired pay and gratuities are somewhat 
lower. 

6. Full details and application forms for 
all the above appointments may be ob- 
tained from the Air Ministry (A.R.1.E.0.3), 
Kingsway, London, W.C.2. 





XPERIMENTAL OFFICERS AND ASSISTANT 

EXPERIMENTAL OFFICERS with particular 
€Xperience or interest in any of the follow- 
ing: Casting of metals, Fabrication of 
metals, Welding, Powder Metallurgy, 
Metallography, Refractory materials, Inor- 
ganic Chemistry, or for Technical Infor- 
mation duties required by RESEARCH AND 
DEVELOPMENT BRANCH, DIVISION OF 
ATOMIC ENERGY (PRODUCTION) at Culceth, 
near Warrington; Salwick, near Preston; 
Sellafield, Cumberland; Risley; and Capen- 
hurst, near Chester. Qualifications: Higher 
School Certificate (orequivalent) in science 
subjects or mathematics. Higher qualifi- 
cations may be an advantage. Minimum 
age for E.O. — 26. Salary ranges £649-799 
and £264 (at 18) —- 576. Hostel accommo- 
dation available. Applications to Ministry 
of Supply, D.At.En.(P)., Risley, Warring- 
ton, quoting 521. 





SOCIETIES 





THE BRITISH 
INTERPLANETARY SOCIETY 


12 Bessborough Gardens, 
London, S.W.1 


MEMBERSHIP and Fellowship is open to 





all interested in rocket engineering, , 


astronomy and space-flight. 
Full particulars of membership, to- 
gether with a free copy of the Society's 


Book List and programme of lectures in | 


London, Birmingham and Manchester, 
will be sent on request. 





Printed and Published in Great Britain by Jarrold & Sons Ltd., 


Norwich. 


Editorial Office : 


244 High Holborn W.C.1 
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